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Claims

We claim:
1. A transformed insect cell comprising

(a) a first DNA comprising a non-transposon heterologous DNA sequence inserted between a pair of
inverted repeats of a piggyBac transposon; and

(b) a second DNA encoding a transposase active on a pair of inverted repeats, which second DNA is
incapable of transposition caused by the transposase.

2. The transformed insect cell of claim 1 wherein the second DNA sequence is operably linked to an
inducible promoter.

3. The transformed insect cell of claim 2 wherein the inducible promoter comprises a heat shock promoter,
a metallothionein promoter, or a glucocorticoid response element.

4. The transformed insect cell of claim 1 wherein the non-transposon heterologous DNA sequence
comprises a selectable marker.

5. The transformed insect cell of claim 4 wherein the selectable marker is antibiotic resistance, pesticide
resistance, insecticide resistance, herbicide resistance, green fluorescent protein, amber mutation, or lacZ.

6. A transformed insect cell comprising

(a) a non-transposon heterologous DNA sequence operably linked to an inducible promoter and inserted
between a pair of inverted repeats of a piggyBac transposon; and

(b) a second DNA encoding a transposase active on a pair of inverted repeats.

7. The transformed insect cell of claim 6 wherein the second DNA is a separate DNA molecule from the
first DNA.

8. The transformed insect cell of claim 1 wherein the second DNA is physically linked to the first DNA.

9. The transformed insect cell of claim 6 wherein the second DNA is physically linked 'to the first DNA.



10. The transformed insect cell of claim 1 wherein the second DNA is a separate DNA molecule from the
first DNA molecule.

Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention is directed to DNA transformation constructs encoding mobile elements and their use
for transforming eukaryotic cells. In particular transposons are used as a mechanism for inserting DNA
sequences into the cell's genome after introduction of the transformation construct into the cell.

2. Description of the Related Art

Certain natural DNA sequences in eukaryotic and prokaryotic cells have the ability to move from one
genomic locus to a second locus. These genetic elements are referred to generally as transposable elements
or transposons. Advantageously, these transposable elements can be used as tools for genetically
manipulating cells. In particular, transposable elements isolated from eukaryotes are anticipated as having
the greatest potential for use in producing transgenic organisms.

Transposable elements can be divided into two classes. Class | are the retro-transposons that replicate
through an RNA intermediate and utilize reverse transcriptase to produce a DNA molecule that is inserted
into the host cell's genome. The Class Il transposons include all other mobile elements and include P, hobo,
mariner, Tcl, and Ac elements (Berg & Howe, Mobil DNA, American Society for Microbiology,
Washington, D.C. 1989). Members of this transposon class have short inverted repeats at their termini and
generate direct duplications of a host target sequence upon insertion. Many of these elements are currently
being developed as general transformation vectors in insects and plants (Rubin & Spradling, Science,
Volume 218, 348-353 1982; Lidholm, Lohe & Hartl, Genetics, Volume 134, 859-868 1993; O'Brochta &
Handler, Prospects and possibilities for gene transfer techniques in insects, 451-488; in Molecular
Approaches to Fundamental and Applied Entomology, ed. Oakeshott et al, Springer-Verlag, New York,
1993).

The P element has been used effectively for Drosophila transformation but has limited use as a general
transformation vector because it is not active in species other than Drosophila (O'Brochta & Handler, 1993
supra; Rubin & Spradling, 1982 supra). The mariner element is phylogenetically dispersed (Robertson, H.
Insect Physiol., Volume 41, 99-105, 1995), and therefore apparently has the capability of movement in a
number of diverse species. In addition, the hobo element has demonstrated mobility in diverse genetic
backgrounds and is a promising candidate for development as a genetic engineering tool (Atkinson, Warren
& O'Brochta, PNAS USA, Volume 90, 9693-9697 1993; O'Brochta & Handler, 1993 supra; O'Brochta et
al., Mol. Gen. Genet., Volume 244, 9-14, 1994).

PiggyBac (previously described as IFP2) and tagalong elements are unique Lepidopteran transposons
structurally related to the Class Il DNA transposable elements (Finnegan, Curr. Opin, Cell Bio., Volume 2,
471-477 1990). These transposons were isolated from the cabbage looper moth, Trichoplusia ni Hubner
(Lepidoptera: Noctuidae). The piggyBac element was first identified as an insertion within Galleria
mellonella or Autographa californica nuclear polyhedrosis virus genomes following passage of the viruses
in the Trichoplusia ni insect cell line, TN-368. (Fraser et al., Virology, Volume 145, 356-361, 1985; Fraser
etal., J. Virology, Volume 47, 287-300, 1983).

The piggyBac and tagalong elements are unusual among Class Il transposons in that those elements always
target and duplicate the tetranucleotide, TTAA, upon insertion in Baculovirus-infected cells (Cary et al.,
Virology, Volume 172, 156-169, 1989). The specificity for TTAA target sites is exhibited by other
Lepidopteran transposon-like insertions as well (Beames & Summers, Virology, Volume 162, 206-220



1988; Beames & Summers, Virology, Volume 174, 354-363 1990; Carstens, Virology, Volume 161, 8-17,
1987; Oellig et al., J. Virology, Volume 61, 3048-3057, 1987; Schetter, Oellig & Doerfler, J. Virology,
Volume 64, 1844-1850, 1990). Thus the piggyBac and tagalong elements are part of a subclass of the Class
Il transposons.

In addition to TTAA target specificity, all Lepidopteran transposons having the TTAA target specificity
terminate in at least two C residues at the 5' ends of their inverted repeats. Given their similarity in insertion
site selection and duplication, all of these TTAA specific elements are likely to excise in a similar manner.

Furthermore piggyBac and tagalong elements excise precisely upon transposition in vivo, leaving behind
the single TTAA target sequence upon excision. The excision events of piggyBac and tagalong are
dissimilar to the transposase-associated excision events of the hAT family of transposons. This family
includes hobo, hermes, Ac and Tam3. (Calvi et al., Cell, Volume 66, 465-471, 1991). Elements in the hAT
family vary in the length and nucleotide sequence of their inverted terminal repeats (Calvi et al., 1991;
supra), but have a conserved A.sub.2 G.sub.5 motif within these repeats, and generate 8 bp target site
duplications (Warren et al., Genet. Research, VVolume 64, 87-97, 1994). These elements excise imprecisely
in the presence of an element-encoded transposase and leave behind characteristic footprints that have
proven useful in distinguishing transposase-associated excision events (Atkinson et al., 1993 supra; Warren
et al., 1994 supra).

Most of the transposase-associated excisions of P-elements are imprecise events, leaving behind part or all
of the 31 bp terminal inverted repeat and adding “filler” sequences at the excision breakpoints (O'Brochta et
al, Mol. Gen. Genet., Volume 225, 387-394, 1991: Takasu-Ishikawa et al., Mol. Gen. Genet., Volume 232,
17-23, 1992). In the case of the hobo element of Drosophila melanogaster, excision from plasmids in
microinjected fertile eggs most often involves the complete removal of hobo and some flanking nucleotides
with the addition of filler sequences related to flanking host DNA at the excision breakpoints (Atkinson,
Warren & O'Brochta, 1993 supra; Handler & Gomez, Mol. Gen. Genet., Volume 247, 399-408 1995;
O'Brochta & Handler, 1993 supra).

In contrast with these other Class Il elements, precise excision of piggyBac and tagalong is the rule rather
than the exception. Precise excision of genetically tagged piggyBac elements was first demonstrated in
Baculovirus genomes of infected cells (Fraser et al, Virology 211, 397-407 1995). However, the precise
excision of the piggyBac element has also been demonstrated in non-virus infected cells indicating the
excision of piggyBac is not dependant on Baculovirus protein products. The frequency of precise excision
events in transiently transfected IPLB-SF21AE cells is greatly enhanced by the presence of a helper
element encoding a full-length transposase. The excision event is believed to be a non-conservative event
involving double-strand breaks at or near the transposon termini.

The present invention, discussed below, provides recombinant DNA vectors derived from the piggyBac and
tagalong transposons which are different from related art vectors. Furthermore, the present invention
provides a method to produce transgenic organisms using the recombinant DNA vectors. The transposon
genetic transformation system of the present invention provides vectors and broad spectrum methods for
the introduction of foreign genes that do not currently exist.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide DNA sequences capable of allowing for almost
precise excision of a second DNA sequence inserted into a plasmid and insertion of said second DNA
sequence into a host cell after transformation of said host cell with a transformation construct containing
said first and second DNAs.

Another object of the present invention is to provide transformation constructs including DNA derived
from a piggyBac transposon element which allow for the almost precise excision of a second DNA
sequence included in the construct and insertion of said second DNA sequence into a host cell after
introduction of a transformation construct containing said first and second DNAs into said host cell.



A further object of the present invention is to provide a transformation construct containing transposing
elements combined with a DNA sequence capable of being expressed in a transformed host cell.

A still further object of the present invention is to provide a DNA sequence capable of being expressed in a
transformed cell flanked by piggyBac or tagalong terminal inverted repeats.

Another object of the present, invention is to provide a method for making a transgenic organism by
inserting a transformation construct containing a DNA sequence, capable of being expressed in a
transformed cell, flanked by piggyBac or tagalong inverted repeats into a cell; wherein the DNA sequence
will excise from the construct and will insert into the host cell at least at the target sequence TTAA in said
host cell genome and using the transformed cell to obtain said transgenic organism.

Further objects and advantages of the present invention will become apparent from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the construction of the pIFP2BX-supF excision donor plasmid. The piggyBac element from
p3E1.2 (top) was altered to remove flanking viral sequences (crosshatched bars) by PCR amplification
using the primer MF34 (see materials and methods). MF34 anneals to both of the piggyBac terminal
inverted repeats. The resulting piggyBac element (solid black bar) was flanked by TTAA target sites and
BamHI/Xbal restriction sites. The 2.5 kB PCR product was cloned into pCRII (Invitrogen). The pCRII-
piggyBac clone was digested with BamHI and the 2.5 kB BamHI-piggyBac fragment was subcloned into
BamHI-digested pUC18. This clone was designated pIFP2BX (middle). pIFP2BX was digested with Bglll
(piggyBac nucleotide position 675) and genetically tagged by the addition of a 250 bp Bglll fragment
containing the supF gene. This plasmid was designated pIFP2BX-supF (bottom) and served as the donor
plasmid in excision assays.

FIG. 1B shows that excision of the piggyBac element from either p3E1.2 (top) or pIFP2BX-supF (bottom)
produces plasmids with different restriction enzyme profiles at the excision breakpoints. p3E1.2-piggyBac
precise excision products are sensitive to digestion with Mlul and EcoRV whereas plFP2BX-supF-
piggyBac precise excision products are insensitive to digestion with these same enzymes.

FIG. 2 shows the experimental strategy for analysis of piggyBac excision from the donor plasmid
pIFP2BX-supF. S. frugiperda cells were transfected with donor DNA in the presence or absence of the
helper transposon p3E1.2. Low molecular weight DNA was isolated at 48 hours post transfection and
digested with the restriction enzymes EcoRV, Mlul, and Hpal to select against non-excised piggyBac
plasmids and the p3E1.2 helper plasmid. The digested DNA was used to transform MBL50 E. coli. White
colonies containing plasmids that were not digested by the enzyme mix were analyzed by restriction
digestion with Pstl and Asel (FIG. 3) to determine if they resulted from piggyBac excision. Putative
excision clones were then sequenced to confirm the sequence at the excision breakpoints (FIGS. 4A and
4B).

FIG. 3 is a photograph of a gel showing restriction enzyme analysis of a representative piggyBac excision
clone and a non-excised plasmid clone. Digestion of the pIFP2BX-supF donor plasmid with Pstl generates
two products of 4641 bp and 803 bp. Digestion of pIFP2BX-supF with Asel generates three products of
2792, 1358, and 1294 bp. If piggyBac excises precisely from this plasmid, a single product of 2714 bp is
produced from Pstl digestion and a diagnostic 1257 bp product is produced from Asel digestion due to
creation of a new ATTAAT Asel site at the point of excision (see sequence, FIG. 4). Another diagnostic
Asel band of 163 bp is not resolved on this gel but is resolved on overloaded 2.5% agarose gels (not
shown).

FIG. 4A is a photograph of a gel showing dideoxy sequencing analysis of four representative piggyBac
excisions from pIFP2BX-supF.

FIG. 4B shows that precise excision of piggyBac from the plFp2BX-supF donor plasmid generates the



characteristic BamHI/Xbal-TTAA-Xbal/BamHI nucleotide sequence, SEQ ID NO 21 and SEQ ID NO 22.

FIGS. 5a-5e is the entire nucleic acid, SEQ ID NO 11, and amino acid sequence, SEQ ID NO 12, for the
piggyBac transposon element.

FIGS. 6a-6g is the entire nucleic acid sequence, SEQ ID NO 13, for the plasmid p3E1.2, also called the
p3E1.2 H/S clone. This represents a clone of the Hind/Sal fragment containing the piggyBac insertion from
an Autographa californica nuclear polyhedrosis virus FP mutant.

FIGS. 7a-7e is the entire nucleic acid sequence, SEQ ID NO 14, for the piggyBac/opd plasmid.

FIG. 8 is a Southern blot of the PiA-3 and PiA-11 piggyBac transformed Plodia interpunctella strains.
Genomic DNA was extracted from G.sub.10 larvae of the PiA-3 and PiA-11 strains of P. interpunctella
strains that were coinjected with piggyBac/opd and p3E1.2.DELTA.TRL. Lanes A-C contain 2.5
micrograms each of PiA-11 genomic DNA; lanes D and J are blank; lanes E-H contain piggyBac/opd
DNA,; lane | contains 2.5 micrograms of wild type P. interpunctella DNA; lanes K-M contain 2.5
micrograms of PiA-3 DNA. Lanes A,E and K are Pstl digests; lanes B,F and L are EcoRI digests; lanes
C,G and M are Apal digests. Lane H is uncut DNA. The blot was hybridized with PCR labeled probe to
hsp70/opd.

FIGS. 9a-9j is the entire nucleic acid sequence, SEQ ID NO 15, of a pCRII clone of the piggyBac sequence
amplified from the p3E1.2 plasmid using the primer MF34.

FIGS. 10a-10h is the entire nucleic acid sequence, SEQ ID NO 16, for plasmid IFP2B/Xpuc18.1.
FIGS. 11a-11h is the entire nucleic acid sequence, SEQ ID NO 17, for plasmid IFP2B/XsupF4H.

FIG. 12a shows the nucleic acid sequence of two primers, SEQ ID NO 18 (top) and SEQ ID NO 19
(bottom) used in the PCR amplification of the hs/opd fragment.

FIGS. 12b-m is the entire nucleic acid sequence, SEQ ID NO 20, of the p3E1.2hs/opd plasmid.
DETAILED DESCRIPTION OF THE INVENTION

The identification and isolation of autonomous mobile elements from the piggyBac transposon according to
the present invention enables the transformation of cells and the production of transgenic organisms
wherein DNA capable of being expressed in the transformed cell or transgenic organism is excised from a
transformation construct and inserted into the genome of a cell used to produce a transgenic organism. The
term cell for the purposes of this invention includes any cell capable of being transformed by the
tranformation construct of the present invention and preferably includes any eukaryaotic cell. More
preferably, the cell is any arthropod cell and most preferably the cell is an insect cell. Furthermore, cells are
transformed with DNA sequences that are introduced into the cell and targeted for insertion ata TTAA
sequence of the cell's DNA. Typically the introduced DNA sequences include functional genes that are
flanked by the piggyBac transposon inverted repeats to form a transformation construct. For the purposes
of this invention the introduced transformation construct comprises a targeted functional DNA sequence
flanked by a pair of transposon terminal inverted repeats from TTAA piggyBac or tagalong transposons.
Targeted functional DNA sequence for the purposes of this invention is any heterologous sequence capable
of being expressed in a host cell and/or a transgenic organism. In one embodiment of the present invention,
the inverted repeats comprise at least 13 bps of the inverted repeats of the piggyBac transposon which
include the sequence: left end CCCTAGAAAGATA, SEQ ID NO 2; right end TATCTTTCTAGGG, SEQ
ID NO 13. The sequence for a 17 bp inverted repeat is: left end TTAACCCTAGAAAGATA, SEQ ID NO
4; rightend TATCTTTCTAGGGTTAA, SEQ ID NO 5. In another embodiment the transformation
construct also encodes a transposase gene whose product interacts with the transposon inverted repeats to
induce transposition of the targeted sequence. The targeted functional DNA sequence typically will encode
a gene that is capable of being expressed in the host cell. This gene can be expressed under the control of
an inducible promoter. The targeted DNA can also include a selectable marker gene if the targeted gene to



be inserted into the host cell's genome does not itself provide a selectable marker functionality. In one
embodiment the transformation construct also can comprise a polylinker flanked by a pair of at least 13 bps
of the inverted repeats of the piggyBac transposon. For the purposes of this application, a polylinker is a
short length of DNA that contains numerous different endonuclease restrictions sites located in close
proximity. The presence of the polylinker is advantageous because it allows various exogenous sequences,
such as expression cassettes, to be easily inserted and removed, thus simplifying the process of making a
transformation construct containing a particular targeted DNA fragment. When this transformation
construct is introduced into a host cell, in the presence of transposase activity specific for the flanking
inverted repeats, the targeted DNA sequence will be excised from the introduced construct and will be
inserted into a new location. Transposition of the targeted DNA located within the transformation construct
is enhanced in the presence of transposase activity. The gene encoding the transposase can either be
physically linked to the transformation construct, already present in the host cell's genome, or introduced
into the cell as part of a separate DNA molecule. Inducible promoters can be used as a means of triggering
the production of transposase activity.

The present invention utilizes the transposon machinery of the TTAA specific transposons to excise and
insert the targeted DNA sequence into the genome of the host cell. The resulting transformed cell or group
of cells are stable transformants which are then used to make a transgenic organism, using techniques
known to the skilled artisan, which will pass the introduced gene to all subsequent progeny.

The above described transformation construct can also be part of a larger construct. The additional
sequences of the larger construct comprising DNA sequences capable of replicating the entire DNA
molecule in a bacterial host and DNA sequences encoding a bacterial selectable marker such as for
example genes encoding for ampicillin or tetracycline resistance. This larger construct, which can be a
plasmid, can be used to transform bacterial cells. These transformed bacterial cells can then be cultured to
produce large quantities of the plasmid DNA. The plasmid DNA can then be purified and the specific
transformation construct can optionally be removed from the DNA sequences utilized to replicate the
plasmid in the bacterial cell using techniques well known to those familiar with the art.

In one embodiment of the invention, the target functional DNA sequence encodes a gene operably linked to
an inducible promoter. Inducible promoters include any promoter capable of increasing the amount of gene
product produced, by a given gene, in response to exposure to an inducer. Thus the use of this construct
allows for control of the expression of the target functional gene introduced into the transgenic organism.
Inducible promoters are known to those familiar with the art and a variety exists that could be used to drive
expression of the transposase gene. Inducible systems include, for example, the heat shock promoter
system, the metallothionein system, the glucocorticoid system, tissue specific promoters, etc. Promoters
regulated by heat shock, such as the promoter normally associated with the gene encoding the 70-kDa heat
shock protein, can increase expression several-fold after exposure to elevated temperatures. The
glucocorticoid system also functions well in triggering the expression of genes. The system consists of a
gene encoding glucocorticoid receptor protein (GR) which in the presence of a steroid hormone (i.e.
glucocorticoid or one of its synthetic equivalents such as dexamethasone) forms a complex with the
hormone. This complex then binds to a short nucleotide sequence (26 bp) named the glucocorticoid
response element (GRE), and this binding activates the expression of linked genes. Thus inducible
promoters can be used as an environmentally inducible promoter for controlling the expression of the
introduced gene. Other means besides inducible promoters for controlling the functional activity of a gene
product are known to those familiar with the art.

Specifically, the transformation construct of the present invention includes DNA derived from a TTAA
specific transposon of the lepidopteran transposons, piggyBac and tagalong. The piggyBac and tagalong
transposons were isolated as insertions in the nuclear polyhedrosis virus, Galleria mellonella (GmMNPV),
following maintenance of that virus in the TN-368 cell line, a T. ni derived cell line (Fraser et al., J.
Virology, Volume 47, 287-300, 1983 herein incorporated by reference). Both elements have also been
associated with repeated insertion events within the Autographa californica NPV (AcMNPV) genome
(Cary et al, Virology, Volume 172, 156-169, 1989; Kumar & Miller, Virus Res., Volume 7, 335-349, 1987,
Wang & Fraser, J. Insect Mol. Bio., Volume 1, 1-7 1992).



The piggyBac (IFP2) element is 2.5 kb in length and is bounded by 13 bp inverted terminal repeats, with
additional internal 19 bp inverted repeats located asymmetrically with respect to the ends. The entire
nucleic acid, SEQ ID NO 11, and amino acid sequence, SEQ ID NO 12, of the piggyBac element is shown
in FIGS. 5a-5e. The internal sequence contains a consensus RNA polymerase Il promoter region and a
poly-adenylation signal (Cary et al., 1989 supra) flanking a single major open reading frame. The open
reading frame encodes a single transcript of approximately 2.1 kb in length with a 5' end that maps to a
consensus cap recognition sequence (Cary et al., 1989 supra). This open reading frame encodes transposase
activity that enhances the transposition of the piggyBac element.

The tagalong (TFP3) element is considerably smaller (780 bp) with no apparent coding potential (Fraser et
al., 1983, 1985 supra; Wang et al., Gene, Volume 81, 97-108, 1989; Wang & Fraser, 1992 supra). The
element is bounded by 13/15 bp imperfect inverted repeats, and is repeated and dispersed within the
genome of all T. ni derived cell lines tested, as well as laboratory colonies of T. ni (Fraser et al., 1983
supra; Wang et al., 1989 supra; Wang & Fraser, 1992 supra). Comparative sequence analyses of tagalong
elements and their insertion sites within baculovirus genomes and host cell genomes (Wang & Fraser, 1992
supra) have demonstrated that these elements transpose in an identical fashion whether they are moving in
baculovirus-infected cells or in uninfected cells.

Both piggyBac and tagalong elements excise from their insertion sites entirely and in a precise fashion,
regenerating a single copy of the TTAA target site at the point of excision. Precise excision of both
elements is not restricted to the cell line of origin, TN368, but can also occur in other eukaryotic cells as
well.

The creation of a transformed cell requires that the DNA first be physically placed within the host cell.
Current transformation procedures utilize a variety of techniques to introduce DNA into a cell. In one form
of transformation, the DNA is microinjected directly into cells though the use of micropipettes.
Alternatively, high velocity ballistics can be used to propel small DNA associated particles into the cell. In
another form, the cell is permeabilized by the presence of polyethylene glycol, thus allowing DNA to enter
the cell through diffusion. DNA can also be introduced into a cell by fusing protoplasts with other entities
which contain DNA. These entities include minicells, cells, lysosomes or other fusible lipid-surfaced
bodies. Electroporation is also an accepted method for introducing DNA into a cell. In this technique, cells
are subject to electrical impulses of high field strength which reversibly permeabilizes biomembranes,
allowing the entry of exogenous DNA sequences. One preferred method of introducing the transformation
construct into cells in accordance with the present invention is to microinject fertilized eggs with the
construct. The DNA sequence flanked by the transposon inverted repeats will be inserted into the genome
of the fertilized egg during development of the organism, this DNA will be passed on to all of the progeny
cells to produce a transgenic organism. The microinjection of eggs to produce transgenic animals has been
previously described and utilized to produce transformed mammals and insects (Rubin et al., Science,
Volume 218,384-393, 1982; Hogan et al., Manipulating The Mouse Embryo: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Plainview, N.Y., 1986; Shirk et al., In Biotechnology For Crop Protection,
Hedin et al (eds.), ACS Books, Washington D.C., 135-146, 1988; Morgan et al., Annu. Rev., Biochem.,
Volume 62, 191-217, 1993; all herein incorporated by reference). Accordingly transgenic organisms can be
produced that have an exogenous DNA sequence that is flanked by the sequence 5' TTAACCC . ..
GGGTTAA 3', SEQ ID NO 1 and SEQ ID NO 86, respectively. Accordingly a method of producing stably
transformed insects includes the step of microinjecting a transformation construct comprising the inverted
repeats of a TTAA specific transposon into a cell, preferably a fertile insect egg. The resulting transgenic
insect has an exogenous DNA sequence inserted into its genomic DNA at the sequence TTAA, wherein the
inserted exogenous DNA is located between the sequence 5 TTAACCC ... GGGTTAA 3, SEQIDNO 1
and SEQ ID NO 6, respectively.

Transformed cells and/or transgenic organisms (those containing the DNA inserted into the host cell's
DNA) can be selected from untransformed cells and/or transformed organisms if a selectable marker was
included as part of the introduced DNA sequences. Selectable markers include, for example, genes that
provide antibiotic, pesticide, insecticide, herbicide resistance; genes that modify the physiology of the host,
such as for example eye color or green fluorescent protein, to produce an altered visible phenotype; etc.
Cells and/or organisms containing these genes are capable of surviving in the presence of antibiotic,



insecticides or herbicide concentrations that kill untransformed cells/organisms or producing an altered
visible phenotype. Using standard techniques known to those familiar with the field, techniques such as, for
example, Southern blotting and polymerase chain reaction, DNA can be isolated from transgenic cells
and/or organisms to confirm that the introduced DNA has been inserted.

Specifically, the TTAA specific transposon based constructs of the present invention are utilized in a
method to genetically transform insects. The method comprises the steps of introducing the construct into
the egg of the organism wherein the transposon excises from the plasmid and is inserted into the genome of
the host. A piggyBac derived construct has been used to transform the cabbage looper moth. The construct
was microinjected into eggs at a pre-blastula stage and the piggyBac DNA was induced to move from the
plasmid DNA to stably integrate into the chromosomal DNA of germ cells of the cabbage looper moth.
Thus, the piggyBac transposon is useful as a vector to move foreign genes into cabbage looper moth
chromosomes and, as a consequence, produce genetically transformed insects. The piggyBac transposon
genetic transformation system provides a broad spectrum method that does not currently exist for the
introduction of foreign genes into insects.

Genetic modification of insects with new genetic elements provides a means to control populations of
agriculturally pestiferous or beneficial insects. The ability to control pest insects through genetically based
sterile insect programs or genetically introduced targeted conditional suseptibilities will result in significant
cost savings to agribusiness. In addition, introduction of genes that impart resistance to chemicals
(including herbicides, pesticides and insecticides) can improve the efficacy of beneficial insects. This
technology can also be used for detection and monitoring of insect populations and infestations where the
piggyBac transposon is present in the population. Each of these applications will result in more efficient
pest control programs.

Enhancing the resistance of beneficial insects to pesticides will enhance the efficacy of the beneficial
insects and may allow for the simultaneous use of chemical control and biological control of pests. Some of
the beneficial insects that would make good candidates for such transformations include. Hymenopteran
parasitoids of Heliothis spp: Microplitis croceips and Cardiochiles nigriceps; Hymenopteran parasitoid of
Diamondback moth, Plutella xylostella: Diadegma insolare; Hymenopteran parasitoid of the Indianmeal
moth, Plodia interpunctella: Bracon hebitor; and Hemipteran predators: Xylocoris flavipes and Podisus
maculatus.

The following examples are intended only to further the invention and are not intended to limit the scope of
the invention as described by the claims.

EXAMPLE 1

The piggyBac-deficient Spodoptera frugiperda cell line, IPLB-SF21AE (Vaughn et al., In Vitro, Volume
13, 213-217, 1977 herein incorporated by reference) was maintained as described in Fraser, Smith &
Summers, J. Virol. 47: p. 287-300, 1983; herein incorporated by reference. Twenty-four hours prior to use,
cells were seeded to early-log phase to insure optimum growth at transfection.

EXAMPLE 2

In order to clone plasmid excision contructs, plasmid p3E1.2 (FIGS. 6a-6g), containing an active piggyBac
element, was used as a template for PCR reactions with the inverted terminal repeat-specific BamHI/Xbal-
ended primer MF34 to remove flanking viral sequences from p3E1.2 (FIGS. 2 and 6, SEQ ID NO 13). A
primer oligonucleotide, MF34, having the sequence 5' GGATCCTCTAGATTAACCCTAGAAAGATA 3,
SEQ ID NO 7, annealed to both piggyBac terminal repeats and generated a full-length piggyBac transposon
product. The MF34 primer is tailed with BamHI and Xbal sites immediately adjacent to the TTAA target
site and terminal inverted repeat sequences. This single primer amplified the entire piggyBac element and
target site duplication because of its homology to both ends of the element through the terminal repeat
sequences. The PCR reaction contained approximately 5 Units Taq polymerase (Promega), about 2 mM
MgCl.sub.2, about 1 mM dNTPs, about 50 mM KC1, about 10 mM Tris-Cl pH 9, 0.1% Triton X, and about
100 pmols MF34 primer. The 2.5 kB amplified BamHI/Xbal-ended piggyBac PCR product is tailed with



BamHI and Xbal sites flanking the TTAA target sites on both sides, and was cloned into pCRII
(Invitrogen) TA cloning vector (FIGS. 9a-9j, SEQ ID NO 15) to generate a piggyBac element flanked by
TTAA target sights and BamHI/Xbal restriction sites (Elick et al, Genetica, Volume 98, 33-41, 1996;
herein incorporated by reference in its entirety). This is analyzed extensively by restriction digestion to
insure the PCR product did not contain significant mutations due to infidelity of the Taq polymerase. An
approximately 2.5 kB BamHI fragment was then subcloned into pUC18 and designated pIFP2BX (FIGS.
1A and 10a-10h, SEQ ID NO 16). Both orientations of the BamHI insert are cloned. About a 250 bp
BamHI fragment containing the E. coli tRNA suppresser gene, supF (Ariza et al., 1993), was band-isolated
from pKFsupF (kindly supplied by Dr. D. O'Brochta) and cloned into the unique Bglll site of pIFP2BX by
interrupting the open reading frame at the unique Bglll site (nucleotide position 673) and adding a Bglll-
compatible 250 bp BamHI cartridge containing the supF gene (FIGS. 1a and 11a-11h, SEQ ID NO 17)
(Elick et al, Genetica, Volume 98, 33-41, 1996; herein incorporated by reference). This plasmid was
designated piFp2BX-supF (FIGS. 1A and 11a-11h, SEQ ID NO 17) and was the donor plasmid in excision
assays.

The supF gene encodes a tRNA (Ariza. et al., Carcinogenesis, Volume 14, 303-305, 1993; herein
incorporated by reference) that suppressed an amber mutation in the 9-galactosidase gene of the E. coli
strain MBL50 to produce blue colonies in the presence of X-gal. If the piggyBac element tagged with the
supF gene is excised from the plasmid pIFP2BX-supF, the amber mutation in the MBL50 B-galactosidase
gene was not suppressed and the resulting colonies were white in the presence of Xgal.

EXAMPLE 3

The CaPO.sub.4 co-precipitation protocol was used to co-transfect plasmid excision vectors into piggyBac-
deficient IPLB-SF21AE cells (Corsaro & Fraser, J. Tiss. Cul. Meth., Volume 12, 7-12, 1989; Graham &
Van der Eb, Virology, Volume 52, 456-467, 1973; Summers & Smith, A Manual of methods for
baculoviurs vectors and insect cell culture procedures, Texas Agricultural Experiment Station Bulletin,
1987; all herein incorporated by reference). The IPLB-SF21AE cell line is used because this cell line lacks
piggyBac-homologous sequences (Cary et al., 1989 supra; Elick et al., Genetica, Volume 97, 127-139,
1996; herein incorporated by reference). It was expected that co-transfection of the pIFP2BX-supF plasmid
with the helper plasmid p3E1.2 would increase the number of white excision products if excision of
piggyBac was enhanced by the presence of the presumptive transposase. About 5 .mu.g of supercoiled
plFP2BX-supF donor plasmid DNA was combined with about 5 .mu.g of supercoiled p3E1.2 helper
plasmid in about 1 ml 1.times.Hepes, pH about 7.1. Transfections done in the absence of the helper plasmid
contained twice as much (approximately 10 .mu.g) donor plasmid DNA. After incubation the co-
transfection mixtures were placed onto monolayers of IPLB-SF21AE cells and incubated for one hour with
gentle agitation approximately every 15 minutes. The monolayers were then fed with about 1 ml TNM-
FH+approximately 8% FBS and incubated for about another 4 hours at 27.degree. C. Transfected cells
were harvested approximately 48 hours post transfection for extraction of plasmid DNA.

EXAMPLE 4

Low molecular weight DNA, i.e., extrachromosomal DNA, was isolated from transfected cells of Example
3 according to the method of Hirt (Hirt, J. Mol. Bio., Volume 26, 365-369, 1967; herein incorporated by
reference). The media was removed from the cells and approximately 800 .mu.l of Hirt extraction buffer
(about 25 mM Tris-Cl, about 10 mM EDTA, about 0.6% SDS, pH about 7.5) was added. Cell lysates were
scraped into microcentrifuge tubes after about 5 minutes and NaCl was added to a final concentration of
about 1M. The lysates were incubated on ice for about 2 hours and centrifuged for about 15 minutes at
about 15K and about 4.degree. C. Supernatants containing low molecular weight DNA were placed into
fresh tubes, extracted with phenol/chloroform and precipitated with ethanol according to standard protocols
(Sambrook, Fritsch & Maniatis, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press,
1989; herein incorporated by reference). The extracted DNA was resuspended in water and used in
restriction digestions and electrotransformations of MBL50 E. coli.

EXAMPLE 5



The Hirt isolated DNAs from Example 4 were digested with approximately 5 U each of Mlul, EcoRV, and
Hpal (Promega) in approximately 100 .mu.l reactions containing approximately 1 .mu.g DNA. Each of
these enzymes act within the piggyBac element. These reactions were carried out as recommended by the
manufacturer. The loss of piggyBac from pIFP2BX-supF prevented digestion with this enzyme mix (see
FIG. 1B). The loss of piggyBac from the helper plasmid p3E1.2 did not prevent digestion with ECORV or
Mlul (see FIG. 1B). The p3E1.2 plasmids as well as any plasmids resulting from excision of piggyBac
from p3E1.2 were selectively degraded.

The MBL50 E. coli strain was transformed with approximately 10 .mu.g of Hirt isolated, digested DNA
using a Bio-Rad Gene Pulser. Briefly, approximately 40 .mu.ls of electrocompetent MBL50 E. coli were
combined with the digested DNA on ice, placed into an approximately 0.2 cm gap electroporation cuvette
and pulsed at settings of about 25 .mu.Fd, about 25 kV, about 200 .OMEGA.. A, about 1.5 ml aliquot of
SOC (about 2% w/v bacto-tryptone, about 0.5% w/v bacto-yeast extract, about 8.5 mM NacCl, about 2.5
mM KCI, about 10 mM MgCl.sub.2, about 20 mM glucose) was added after electroporation. The
electroporated bacteria were collected immediately by centrifugation at about 2000.times.g for about 5
minutes at room temperature, resuspended in about 100 .mu.ls SOC and spread on LB plates (about
150.times.15 mm) containing approximately 100 .mu.ls of about 2% X-gal and approximately 50 .mu.g/ml
ampicillin.

The pIFP2BX-supF plasmid contains two Pstl sites, one in the piggyBac element and the other in the
multiple cloning site of pUC18. Digestion of pIFP2BX-supF with Pstl generates two fragments of 4641 bp
and 803 bp in length (FIG. 3). Excision of the -2750 bp piggyBac element from this plasmid removes one
of the Pstl sites to generate a single Pstl digestion product of 2714 bp. The supF(-) clones exhibiting this
single 2714 bp Pstl product were then analyzed with Asel. This enzyme recognizes the sequence ATTAAT,
SEQ ID NO 9. Precise excision of piggyBac from plFP2BX-supF regenerates a single TTAA and a new
Asel site is generated at the excision breakpoint. A diagnostic Ase | band of 1257 bp is resolved on a 2.5%
agarose gel (FIG. 3). The other diagnostic Asel fragment of 163 bp is also resolved on a 2.5% gel when the
gel is overloaded (data not shown). In addition, the donor pIFP2BX-supF Asel fragments of 2792 bp and
1358 bp are absent in clones where piggyBac has excised (FIG. 3). After screening by restriction digestion,
positive clones were sequenced to confirm the precise excision events that had generated the sequence
GGATCCTCTAG(ATTAACT)CTAGAGGATCC, SEQ ID NO 8 at the excision breakpoints (FIGS. 4a
and b).

Digested Hirt extracts harvested from cells transfected with 10 .mu.g of pIFP2BX-supF alone (control)
generated a total of 51 white colonies in three separate experiments upon transformation of MBL50 cells.
No precise excisions of the SupF-tagged piggyBac element were recovered in the absence of the piggyBac
transposase (Table 1). Table 1 shows assay results for supF(-) plasmids obtained from transformation of E.
coli MBL50 cells either prior to or following transfection of the IPLB-SF21AE insect cell line. The IPLB-
SF21AE (SF21AE) cell line was transfected with the pIFP2BX-supF plasmid (psupF) in the absence or
presence of the p3E1.2 helper plasmid. At 48 hours post transfection a Hirt extraction was performed to
isolate plasmid DNAs. Equivalent amounts of Hirt extracted DNAs were transformed either directly (Total
Number of Plasmids) or following treatment with the restriction enzyme mix EcoRV, Mlul, and EcoRV
(Number supF(-)) into E. coli MBL50 cells and the number of colonies produced was counted. In the
control experiment (MBL50) equivalent aliquots of either undigested or pre-digested pIFP2BX-supF
plasmid DNA were transformed directly into the bacteria (Total Number of Plasmids and Number supF(-),
respectively). The number of and percentage of precise excision events among the white supF(-) plasmids
recovered was determined (Number Precise and Percent Precise, respectively) and the frequency of precise
excisions was calculated relative to the total number of supF(-) plasmids recovered. In these instances the
loss of supF activity apparently resulted from random deletions of supF, piggyBac, and/or portions of the
pUC18 plasmid DNA.

Transfections of IPLB-SF21AE cells with pIFP2BX-supF in the presence of the p3E1.2 helper transposon
also produced plasmids that resisted digestion with the enzyme mix and generated white colonies upon
transformation of MBL50 E. coli. A total of 19 supF negative clones isolated from 3 independent
experiments were analyzed by restriction digestion.



TABLE 1
Total Num- Per-
Number ber cent
of Number Pre- Pre-
11s Plasmids Plasmids supF(-) cise cise Frequency
21AE pIFP2BX-supF 1 .times.10(7) 51 0 0 O
21AE pIFP2BX-supF + 1 .times. 10(5) 19 11 58 1 .times. 10(-4)
3E1.2
L50 pIFP2BX-supF 3.times.10(5) 25 0 O O

EXAMPLE 6

White colonies, resulting from the supF deletions in Example 5, representing putative excision events, were
mini-prepped by boiling according to standard protocols (Sambrook et al., 1989 supra) and analyzed by
restriction digestion and sequencing. The plasmid DNAs were digested with Pstl to identify possible
excision events (FIG. 3). Pstl digests positive for excision were further characterized by digestion with the
enzyme Asel (FIG. 3) since precise excision of piggyBac from pIFP2BX-supF generates a new Asel site
(ATTAAT, SEQ ID NO 9) at the excision breakpoint. Double-stranded DNAs from clones representing
putative excision events were sequenced by the dideoxy method (Sanger, Nicklen & Coulson, PNAS USA,
Volume 74, 5463-5467, 1977 herein incorporated by reference) using the Sequenase version 2.0 kit
(Amersham).

Eleven of these clones appeared to be precise piggyBac excision events. The remaining 8 white clones were
not characterized further since they reflected extreme deletions or rearrangements that appeared to be
unrelated to piggyBac excision. The eleven putative excision clones were sequenced and all were
confirmed as precise excision events (Table 1), leaving a single TTAA at the excision breakpoint (FIG. 4).

Overall, 58% percent of the.white colonies screened from co-transfections with pIFP2BX-supF and p3E1.2
were derived from precise piggyBac excision events. In contrast, 0% of the recovered plasmids exhibited
precise excisions when the helper plasmid was not supplied (Table 1). These results demonstrated that
precise excision of piggyBac from plasmids in IPLB-SF21AE cells was significantly enhanced by the
addition of the p3E1.2 helper transposon plasmid.

EXAMPLE 7

To estimate the frequencies of supF(-) plasmids resulting from precise excision of piggyBac versus those
resulting from alternative deletions, equal amounts of Hirt extracted DNAs from transfected IPLB-SF21AE
cells were either mock digested or digested with Mlul, ECORV, and Hpal in 100 .mu.l reactions. Equal
amounts of these DNAs were then transformed into MBL50 E. coli. The supF deletion frequency was
calculated as the number of white colonies produced from the digested preparation divided by the total
number of colonies produced from the undigested control.

The frequency of supF deletions that were unrelated to precise piggyBac excision in control transfections
with pIFP2BX-supF alone was determined. In the absence of the p3E1.2 helper transposon, a white colony
was generated in every 2.times.10.sup.4 pIFP2BX-supF plasmids used to transform MBL50 E.coli. This
equals a background supF deletion frequency of 5.times.10.sup.-5 (Table 1).

In the presence of the p3E1.2 helper transposon, approximately one white colony was generated in every
5.8.times.10.sup.3 input plasmids (both pIFP2BX-supF and p3E1.2) and one precise excision was
confirmed in every 1.2.times.10.sup.4 input plasmids. This corresponds to a supF deletion frequency of
1.8.times.10.sup.-4 and a piggyBac precise excision frequency of 1.0.times.10.sup.-4 (Table 1).

The possibility existed that that the piggyBac-supF excision events could have occurred in MBL50 E. coli
after transformation with the Hirt extracted DNASs rather than in the transfected IPLB-SF21AE cells. As a
control, we performed direct transformations of MBLS5 E. coli with pIFP2BX-SupF DNA pre-digested with



Mlul, EcoRV, and Hpal. The transformation mixtures were spread on LB-amp+X-gal plates and plasmids
from white colonies were screened by restriction digestion with several diagnostic enzymes. A total of 25
white colonies were generated in three separate experiments from these direct transformations. None of
these white colonies resulted from plasmids with precise excisions of the supF-tagged piggyBac elment.
These results confirmed that the precise excisions of piggyBac must have occurred exclusively in
IPLBSF21AE cells and not in transformed bacteria.

The frequency of the imprecise spontaneous supF deletions from plasmids directly transformed into the
NBLS50 E. coli cells was compared to the previously calculated frequency from Hirt extracted plasmids
recovered from transfected IPLB-SF21AE cells to determine if the observed background SupF deletion
events occurred predominantly in the SF21AE cells or in the bacteria. In three separate transformations, the
MBL50 E. coli directly transformed with 3.times.10.sup.5 digested pIFP2BX-supF plasmids generated a
total of 25 white colonies (Table 1). This corresponded to a supF deletion frequency of 8.times.10.sup.-5.
This frequency was similar to the supF deletion frequency previously observed for pIFP2BX-supF plasmids
that had been introduced into IPLBSF21AE cells in the absence of the helper p3E1.2 (5.times.10.sup.-5).
This apparent similarity in supF deletion frequencies suggested the majority of background supF deletion
events (those not involving a precise piggyBac excision) had occurred in the transformed bacteria and not
in the transfected IPLB-SF21AE cells. Further evidence for this conclusion was apparent from the
similarities of restriction fragment patterns among those clones isolated following direct bacterial
transformations and those isolated following transfections of IPLB-SF21AE cells (data not shown).

The above establishes that precise excision of piggyBac is enhanced by the addition of the helper p3E1.2 in
transfected IPLB-SF21AE cells. This helper plasmid presumably provides a source of the piggyBac
transposase. Precise excisions of genetically tagged piggyBac from mutant Baculovirus genomes have been
observed in infected IPLB-SF21AE cells in the absence of a helper transposon (data not shown). Precise
excisions in transfected IPLB-SF21AE cells in the absence of the helper transposase was not detected.
However, precise excisions probably do occur at some baseline frequency.

The inability to find precise excisions in this plasmid assay in the absence of added transposase plasmid is
probably the result of an excision frequency that is slightly below the detection limit. Precise excisions
from the Baculovirus recombinants results in viruses that are then amplified in the infected cells, and the
ability to detect these relatively infrequent excision events is therefore enhanced. The results of the
plasmid-based excision assay also confirm that viral-encoded gene products are not necessary for precise
excision of piggyBac in these Lepidopteran cells.

The frequent and favored event of piggyBac precise excision is unique among Class Il transposons. In the
case of the hobo element of Drosophila melanogaster, excision from plasmids in microinjected fertile eggs
most often involves the complete removal of hobo and some flanking nucleotides with the addition of filler
sequences related to flanking host DNA at the excision breakpoints (Atkinson, Warren & O'Brochta, 1993
supra; Handler & Gomez, Mol. Gen. Genet., Volume 247, 399-408, 1995; O'Brochta & Handler, 1993
supra; all herein incorporated by reference). This addition of filler sequence could involve either a
polymerase-dependent template-switching process during repair of the excision breakpoint (Saedler &
Nevers, J. Eur. Mol. Bio. Org., Volume 4, 585-590, 1985; herein incorporated by reference) or the
formation of hairpins at the excision breakpoint that are subsequently nicked, filled in, and religated
(Takasu Ishikawa, Ishihara & Hotta, Mol. Gen. Genet., Volume 232, 17-23, 1992; Coen & Carpenter, J.
Eur. Mol. Bio. Org., Volume 7, 877-883, 1988). The hobo excision process requires the hobo transposase
or may involve cross mobilization by a similar transposase with hobo-like activity (Atkinson, Warren &
O'Brochta, 1993 supra; Handler & Gomez, 1995 supra; O'Brochta et al., 1994 supra; Warren, Atkinson &
O'Brochta, Genet. Res., Volume 64, 87-97, 1994). The piggyBac element may also be cross mobilized in
the absence of added piggyBac transposase by similar elements resident in the.IPLB-SF21AE cell line
(Fraser et al., Virology 211, p397-407 1995; herein incorporated by reference). The piggyBac element most
often excises precisely from plasmids in IPLB-SF21AE cells when supplied with a piggyBac transposase
source. piggyBac also preferentially excises precisely from Baculoviruses in infected IPLB-SF21AE cells
(data not shown). No extra nucleotides are removed and no filler sequences are inserted at the piggyBac
excision breakpoints.



Like piggyBac, the P element can excise precisely from plasmids in vitro in the presence of transposase
(Rio, Laski & Rubin, Cell, Volume 44, 21-32, 1986). However, the P element most often excises
imprecisely in vivo, leaving behind residual terminal repeat sequences at the excision breakpoints
(O'Brochta, Gomez & Handler, 1991 supra; Takasu-Ishikawa, Ishihara & Hotta, 1992 supra). The apparent
precise excision events of genomic P elements in vivo are due to homolog dependent gap repair rather than
precise excision (Engels et al., Cell, Volume 62, 15-525, 1990). Since there are no ectopic repair templates
representing piggyBac empty sites in either plasmid-based assays or in Baculovirus infected cells,
piggyBac precise excision is most likely coupled to the cleavage process itself rather than being a
consequence of a subsequent repair event.

The IPLB-SF21AE cell line, derived from S. frugiperda, was established in the mid 1970's (Vaughn et al.,
In Vitro, Volume 13, 17-23, 1977; herein incorporated by reference) and is devoid of piggyBac
homologous sequences, yet piggyBac is capable of excising in IPLB-SF21AE cells when supplied with
piggyBac transposase. A.previous report (Fraser et al., 1995 supra) had established that piggyBac is also
capable of transposing in these cells. Since the excision process in IPLB-SF21AE cells apparently reflects
the ability of piggyBac to transpose in these cells (Fraser et al., 1995 supra), an excision assay for piggyBac
is useful in determining the ability of piggyBac to mobilize in other species as well. tagalong (formerly
TFP3), another TTAA specific transposable element, is also capable of precise excision in IPLB-SF21AE
cells (Fraser et al., 1995 supra). tagalong has a smaller DNA sequence than piggyBac and has no apparent
coding potential (Fraser, Smith & Summmers, J. Virology, Volume 47, 287-300, 1983; Wang & Fraser,
1992 supra; Wang, Fraser & Cary, 1989 supra). Like piggyBac, tagalong was originally isolated as an
insertion into the Baculovirus genome after passage of the virus in TN-368 cells (Wang & Fraser, 1992
supra).

The extreme specificity for TTAA target sites upon insertion of piggyBac also occurs in uninfected TN-368
cells (Elick et al., 1995 supra) eliminating any possible involvement of virus-specified proteins in the target
selection and insertion process. piggyBac contains a single ORF that, when interrupted, abolishes the
ability of the element to transpose (Fraser et al., 1995 supra).

The specificity for TTAA target sites is exhibited by other Lepidopteran transposon-like insertions as well
(Beames & Summers, Virology 162, 206-220, 1988; Beames & Summers, Virology, Volume 174, 354-363,
1990; Carstens, Virology, Volume 161, 8-17, 1987; Oellig et al., J. Virology, Volume 61, 3048-3057, 1987;
Schetter, Oellig & Doerfler, J. Virology, Volume 64, 1844-1850, 1990). In addition to TTAA target
specificity, all of these Lepidopteran insertions terminate in at least two C residues at the 5' ends of their
inverted repeats. Given their similarity in insertion site selection and duplication, these TTAA specific
elements are likely to excise in a similar manner.

The ability of a piggyBac derived construct carrying an exogenous gene as the targeted sequence to
transpose in vivo has been demonstrated using a Baculovirus genome as the DNA targeted for insertion
(Fraser et al., 1995 supra). This transposition assay demonstrates that a Lepidopteran transposon is capable
of transposing while carrying a marker gene in insect cells.

Following the transposition assay the ability of piggyBac or tagalong inserted elements to excise from the
Baculovirus genome was examined. Recovery of excision events relied on the blue/white screening of
polh/lacZ tagged tagalong or piggyBac insertions. In contrast with tagalong, none of the white revertants
we analyzed from piggyBac excision events resulted from mutation of the polh/lacZ gene. The complete
lack of alternative mutations leading to the white revertant plaque phenotype demonstrates that the rate of
precise excision for piggyBac exceeds the baseline mutation rate in these infected cells.

tagalong and piggyBac elements do not necessarily require their own transposon-encoded functions for
precise excision in baculovirus-infected cells. tagalong excision was effected in both TN-368 cells having
resident copies of this element and in SF21AE cells lacking tagalong homologues. Similarly, the piggyBac
element excised repeatedly and precisely in SF21AE cells lacking piggyBac homologues. Since there are
transpositionally active TTAA-specific elements resident in the SF21AE cell line (Carstens, 1987 supra;
Beames & Summers, 1988, 1990 supra) excision of piggyBac in these cells could reflect the cross-
mobilizing activity of some resident TTAA-specific element.



True precise excision is often a site-specific recombination event involving enzymes that recognize specific
sequences or structures at or near the termini of the element (for reviews see Sadowski, J. Biol. Chem.,
Volume 267, 21273-21276, 1993; Plasterk, FASEB, VVolume 7, 760-767, 1993. Mizuuchi, Cell, Volume 74,
781-786, 1992). Comparisons between the terminal inverted repeat domains of tagalong and piggyBac, or
between these elements and other TTAA specific elements reveal few similarities aside from the target site
and three terminal bases, 5' TTAACCC ... GGGTTAA 3, SEQ ID NO 1 and SEQ ID NO 6, respectively.

EXAMPLE 8

The feasibility of the microinjection procedure has been established for T. ni, S. frugiperda, S. exigua, H.
zea, and P. interpunctella embryos, yielding survival rates of 70% or better. A major advantage of the
lepidopteran egg development is the relatively extended time from egg laying to blastoderm development
(Nagy et al., Dev. Biol., Volume 165, 137-151, 1994). For T. ni this period seems to be about 6-8 hours.
The amount of DNA injected and the lengthy period before blastoderm formation allows germ line nuclei
to become transformed in at least some of the fertile eggs.

The microinjection protocol utilizes approximately two to six hr old T. ni eggs. The eggs are attached to a
microscope cover slip with double-stick tape without dechorionation. Approximately 2 ml of PBS (about 5
mM Kcl, about 100 MM NaH2PO4, pH about 6.8) containing approximately 100 ug/ml of plasmid DNA is
injected directly into each egg. The perforation in the egg resulting from the needle is sealed with a coating
of Krazy Glue. The eggs are then maintained at about 22.degree. C. and about 80% relative humidity for
approximately twelve hours with a normal photocycle of about 16 hr:8 hr (light:dark) before being placed
on diet.

EXAMPLE 9

Evidence indicates that the piggyBac element transposes through a cut-and-paste mechanism. Thus
excision of the element is necessary for transposition. Therefore, excision assays with piggyBac in
lepidopteran embryos should be an effective predictor of its ability to transpose in that species. This assay
has been used with other transposons and is accepted as an effective predictor of the ability of an element to
transpose in a given species (Handler, A. M. and Gomez, S. P. (1995), The hobo transposable element has
transposase dependent and -independent excision activity in drosophilid species, Mol. Gen. Genet. 247,
399-408; O'Brochta, D. A., Handler, A. M. (1988), Mobility of P-elements in drosophilids and
nondrosophilids. Proc. Natl. Acad. Sci. (USA) 85, 6052-6056; all herein incorporated by reference.)

Using a supF-tagged piggyBac element (pIFP2BX-supF, FIG. 2), microinjections were performed on T. ni,
S. frugiperda, S. exigua, and H. zea embryos. Precise excision events characteristic of piggyBac
mobilization were observed in all species examined. Surprisingly, these events occurred even in the
absence of added helper p3E1.2 plasmid, suggesting the presence of transmobilizing elements in these
species. Note there is no possibility for homolog dependent gap repair or homologous exchange with these
plasmid constructs, since there are no wild type copies of piggyBac in the cell line used in these studies.
The background precise excision suggests there are active cross-mobilizing elements already present in
these species. Because excision is a prerequisite for transposition in a cut-and-paste mechanism (see
above), the fact that excision occurs is predictive that transposition in these species is possible.

EXAMPLE 10

Precise excisions of the tagged piggyBac transposon from the IFP2BX-supF 4H plasmid were recovered
following microinjection of fertile insect eggs by Hirt extraction and transformation of MBL50 E. coli. S.
exigua, H. virescens, P. interpunctella, T. ni, S. frugiperda, A. aegypti and D. melanogaster fertile insect
eggs were injected as described above. Some injections were done with added helper p3E1.2 plasmed while
others were done without the helper plasmid. The results are shown below in Table 2. The characteristic
precise excision event associated with mobilization of the piggyBac element was recovered from most of
the microinjected insects whether or not helper was added. The inability to recover precise excision events
in a couple of species is likely due to a low number of total number of supF(-) plasmids available for



analysis. These experiments establish that the characteristic precise excision of piggyBac associated with
the transposition event is possible in a wide range of insect species spanning the orders Lepidoptera and
Diptera. These results verify that piggyBac may be used for transformation of a wide range of insects.

TABLE 2
Near

Precise Terminal
Organism Number supF(-) Excisions Excisions
S. exigua - helper 14 1 2
H. virescens - helper 4 1 0
P. interpunctella - helper 3 0 1
T. ni - helper 45 7 2
S. frugiperda + helper 38 6 1
S. frugiperda - helper 21 14 0
A. aegypti + helper 7 2 0
A. aegypti - helper 13 1 0
D. melanogaster 1 0 0

EXAMPLE 11

A phsp 70/opd plasmid and helper p3E1.2 were coinjected into T. ni eggs as described above in example 8.
The hsp70/opd gene fusion construct (Benedict et al, Insect Mol. Biol., Volume 3, 247-252, 1994; herein
incorporated by reference) was used as the targeted DNA in the transformation construct used for obtaining
transgenic T. ni. The opd gene product confers resistance to the insecticide paraoxon. opd is an
abbreviation for the parathion hydrolase gene, in this case isolated from Pseudomonas diminuta (Benedict
et al; supra). The product of this gene metabolizes numerous organophosphorous nerve agents including the
insecticides parathion and paraoxon. The particular gene used in this construct encodes a native,
cytoplasmic form of the hydrolase protein, and is therefore referred to as copd. The hsp70 heat shock
promoter is an inducible promoter that provides high-level expression of the bacterial opd gene when
induced. The hsp70/opd gene construct was inserted into pIFP2BX to form phsp/opd plasmid. The
p3E1.2hs/opd plasmid was constructed by inserting a PCR amplified hs/opd fragment using primers tailed
with Bglll sites directly into the unique BGII site within p3E1.2 plasmid, effectively positioning the hs/opd
gene within the piggyBac sequence (FIGS. 12b-12m, SEQ ID NO 20). The primers, SEQ ID NO 18 and
SEQ ID NO 19, used for the amplification are shown in FIG. 12a.

The eggs were hatched and subsequently mass-mated. The G.sub.1 progeny of the mass-mated
microinjected insects were permitted to feed for about 24 hours, heat-shocked for about 60 minutes at about
42.degree. C., rested at about 26.degree. C. and allowed to feed for about an additional 18 hours before
being subjected to selection. These heat stressed caterpillars were then allowed to crawl for about 30
minutes on approximately 50 ug/cm.sub.2 paraoxon-treated filter paper disks. Nearly about 30% of all the
G2 larvae survived the initial approximately 50 ug/cm.sup.2 dose at a 30 min exposure, while all of the
control larvae perished. Cloning of piggyBac sequences seemed to confirm transposition into the genome.
Southern blot analysis confirmed the presence of multiple, dispersed copies of piggyBac in the genome of
transformed insect progeny (G2)at levels above the two or three copies that serve as background in this
insect. All but one of these surviving G1 insects died over the next three days, probably from residual
paraoxon. The one putative transformed insect that was obtained was paraoxon resistant and had white
eyes. This transformant did not generate fertile eggs and a lineage could not be established.

EXAMPLE 12

A helper plasmid construct was prepared that would supply the transposase activity but would not be
capable of transposing. The use of this construct allows the production of transgenic insects having only the
desired exogenous DNA inserted into the genome. The construct, 3E1.2 delta TRL was prepared by
digesting plasmid p3E1.2 with Sstl to remove a DNA fragment from nucleotide 3441 to 3724 of p3E1.2.
Removal of this fragment deletes the right terminal repeat of the piggyBac transposon preventing the



element from transposing. The sequence of 3E1.2 delta TRL, SEQ ID NO 10, is as follows:
1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA

61 CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG TCAGGGCGCG
TCAGCGGGTG

121 TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA
CTGAGAGTGC

181 ACCATATGCG GTGTGAAATA CCGCACAGAT GCGTAAGGAG AAAATACCGC
ATCAGGCGCC

241 ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC
TCTTCGCTAT

301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA
ACGCCAGGGT

361 TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAA GCTTTGTTTA
AAATATAACA

421 AAATTGTGAT CCCACAAAAT GAAGTGGGGC AAAATCAAAT AATTAACTAG
TGTCCGTAAA

481 CTTGTTGGTC TTCAACTTTT TGAGGAACAC GTTGGACGGC AAATCGTGAC
TATAACACAA

541 GTTGATTTAA TAATTTTAGC CAACACGTCG GGCTGCGTGT TTTTTGCGCT CTGTGTACAC
601 GTTGATTAAC TGGTCGATTA AATAATTTAATTTTTGGTTC TTCTTTAAAT CTGTGATGAA
661 ATTTTTTAAA ATAACTTTAA ATTCTTCATT GGTAAAAAAT GCCACGTTTT GCAACTTGTG

721 AGGGTCTAAT ATGAGGTCAA ACTCAGTAGG AGTTTTATCC AAAAAAGAAA
ACATGATTAC

781 GTCTGTACAC GAACGCGTAT TAACGCAGAG TGCAAAGTAT AAGAGGGTTA
AAAAATATAT

841 TTTACGCACC ATATACGCAT CGGGTTGATA TCGTTAATAT GGATCAATTT
GAACAGTTGA

901 TTAACGTGTC TCTGCTCAAG TCTTTGATCA AAACGCAAAT CGACGAAAAT
GTGTCGGACA

961 ATATCAAGTC GATGAGCGAA AAACTAAAAA GGCTAGAATA CGACAATCTC
ACAGACAGCG

1021 TTGAGATATA CGGTATTCAC GACAGCAGGC TGAATAATAA AAAAATTAGA
AACTATTATT

1081 TAACCCTAGA AAGATAATCA TATTGTGACG TACGTTAAAG ATAATCATGC
GTAAAATTGA

1141 CGCATGTGTT TTTATCGGTC TGTATATCGA GGTTTATTTATTAATTTGAA



TAGATATTAA

1201 GTTTTATTAT ATTTACACTT ACATACTAAT AATAAATTCA ACAAACAATT
TATTTATGTT

1261 TATTTATTTA TTAAAAAAAA ACAAAAACTC AAAATTTCTT CTAAAGTAAC
AAAACTTTTA

1321 AACATTCTCT CTTTTACAAA AATAAACTTATTTTGTACTT TAAAAACAGT
CATGTTGTAT

1381 TATAAAATAA GTAATTAGCT TAACTTATAC ATAATAGAAA CAAATTATAC
TTATTAGTCA

1441 GTCCAGAAAC AACTTTGGCA CATATCAATATTATGCTCTC GACAAATAAC
TTTTTTGCAT

1501 TTTTTGCACG ATGCATTTGC CTTTCGCCTT ATTTTAGAGG GGCAGTAAGT
ACAGTAAGTA

1561 CGTTTTTTCA TTACTGGCTC TTCAGTACTG TCATCTGATG TACCAGGCAC
TTCATTTGGC

1621 AAAATATTAG AGATATTATC GCGCAAATAT CTCTTCAAAG TAGGAGCTTC
TAAACGGTTA

1681 CGCATAAACG ATGACGTCAG GCTCATGTAA AGGTTTCTCA TAAATTTTTT
GCGATTTGA

1741 ACCTTTTCTC CCTTGCTACT GACATTATGG CTGTATATAA TAAAAGAATT
TATGCAGGCA

1801 ATGTTTATCA TTCCGTACAA TAATGCCATA GGCCACCTAT TCGTCTTCCT
ACTGCAGGTC

1861 ATCACAGAAC ACATTTGGTC TAGCGTGTCC ACTCCGCCTT TAGTTTGATT
ATAATACATA

1921 ACCATTTGCG GTTTACCGGT ACTTTCGTTG ATAGAAGCAT CCTCATCACA
AGATAATAAT

1981 AAGTATACCA TCTTAGCTGG CTTCGGTTTA TATGAGACGA GAGTAAGGGG
TCCGTCAAAA

2041 CAAAACATCG ATGTTCCCAC TGGCCTGGAG CGACTGTTTT TCAGTACTTC
CGGTATCTCG

2021 CGTTTGTTTG ATCGCACGGT TCCCACAATG GTTAACTTAT ACGGTTCTTG
TAGTAAGTTT

2161 TTTGCCAAAG GGATTGAGGT GAACCAATTG TCACACGTAA TATTACGACA
ACTACCGTGC

2221 ACAGGCTTTG ATAACTCCTT CACGTAGTAT TCACCGAGTG GTACTCCGTT
GGTCTGTGTT



2281 CCTCTTCCCA AATAAGGCAT TCCATTTATC ATATACTTCG TACCACTGTC
ACACATCATG

2341 AGGATTTTTA TTCCATACTT ACTTGGCTTG TTTGGGATAT ACATCCTAAA
CGGACACCGT

2401 CCTCTAAAAC CAAGTAACTG TTCATCTATG GTCAAATGAG CCCCTGGAGT
GTAATTTGT

2461 ATGCACTGAT GGATAAAGAG ATCCCATATT TTTCTAACAG GAGTAAATAC
ATCGTTTTCT

2521 CGAAGTGTGG GCCGTATACT TTTGTCATCC ATTCTAAGAC ATCGTATCAA
AAAATCCAAA

2581 ACGATCCACA GACTCATTAC AGAGACGTAC ACATTGACAA AGATCGATCC
AAAGAGGTCA

2641 TCTGTGGACA TGTGGTTATC TTTTCTCACT GCTGTCATTA CCAGAATACC
AAAGAAAGCA

2701 TAGATTTCAT CTTCATTCGT GTCACGAAAT GTAGCACCTG TCATAGATTC
CCGACGTTTC

2761 AATGATATCT CAGCATTTGT CCATTTTACA ATTTGCGAAA TTATCTCATC
AGTAAAAAAT

2821 AGTTTGAAGC ATAAAAGTGG GTCATATATA TTGCGGCACA TACGCGTCGG
ACCTCTTTGA

2881 GATCTGACAA TGTTCAGTGC AGAGACTCGG CTACCGCTCG TGGACTTTGA
AGTTGACCAA

2941 CAATGTTTAT TCTTACCTCT AATAGTCCTC TGTGGCAAGG TCAAGATTCT
GTTAGAAGCC

3001 AATGAAGAAC CTGGTTGTTC AATAACATTT TGTTCGTCTA ATATTTCACT
ACGCTTGACG

3061 TTGGCTGACA CTTCATGTAC CTCATCTATA AACGCTTCTT CTGTATCGCT
CTGGACGTCT

3121 TCACTTACGT GATCTGATAT TTCACTGTCA GAATCCTCAC CAACAAGCTC
GTCATCGCCT

3181 TGCAGAAGAG CAGAGAGGAT ATGCTCATCG TCTAAAGAAC ATCCCATTTT
ATTATATATT

3241 AGTCACGATA TCTATAACAA GAAAATATAT ATATAATAAG TTATCACGTA
AGTAGAACAT

3301 GAAATAACAA TATTAATTAT CGTATGAGTT AAATCTTAAA AGTCACGTAA
AAGATAATCA

3361 TGCGTCATTT TGACTCACGC GGTCGTTATA GTTCAAAATC AGTGACACTT
ACCGCATTGA



3421 CAAGCACGCC TCAGCCGAGC TCGAATTCGT AATCATGGTC ATAGCTGTTT
CCTGTGTGAA

3481 ATTGTTATCC GCTCACAATT CCACACAACA TACGAGCCGG AAGCATAAAG
TGTAAAGCCT

3541 GGGGTGCCTA ATGAGTGAGC TAACTCACAT TAATTGCGTT GCGCTCACTG
CCCGCTTTCC

3601 AGTCGGGAAA CCTGTCGTGC CAGCTGCATT AATGAATCGG CCAACGCGCG
GGGAGAGGCG

3661 GTTTGCGTAT TGGGCGCTCT TCCGCTTCCT CGCTCACTGA CTCGCTGCGC
TCGGTCGTTC

3721 GGCTGCGGCG AGCGGTATCA GCTCACTCAA AGGCGGTAAT ACGGTTATCC
ACAGAATCAG

3781 GGGATAACGC AGGAAAGAAC ATGTGAGCAA AAGGCCAGCA AAAGGCCAGG
AACCGTAAAA

3841 AGGCCGCGTT GCTGGCGTTT TTCCATAGGC TCCGCCCCCC TGACGAGCAT
CACAAAAATC

3901 GACGCTCAAG TCAGAGGTGG CGAAACCCGA CAGGACTATA AAGATACCAG
GCGTTTCCCC

3961 CTGGAAGCTC CCTCGTGCGC TCTCCTGTTC CGACCCTGCC GCTTACCGGA
TACCTGTCCG

4021 CCTTTCTCCC TTCGGGAAGC GTGGCGCTTT CTCAATGCTC ACGCTGTAGG
TATCTCAGTT

4081 CGGTGTAGGT CGTTCGCTCC AAGCTGGGCT GTGTGCACGA ACCCCCCGTT
CAGCCCGACC

4141 GCTGCGCCTT ATCCGGTAAC TATCGTCTTG AGTCCAACCC GGTAAGACAC
GACTTATCGC

4201 CACTGGCAGC AGCCACTGGT AACAGGATTA GCAGAGCGAG GTATGTAGGC
GGTGCTACAG

4261 AGTTCTTGAA GTGGTGGCCT AACTACGGCT ACACTAGAAG GACAGTATTT
GGTATCTGCG

4321 CTCTGCTGAA GCCAGTTACC TTCGGAAAAA GAGTTGGTAG CTCTTGATCC
GGCAAACAAA

4381 CCACCGCTGG TAGCGGTGGT TTTTTTGTTT GCAAGCAGCA GATTACGCGC
AGAAAAAAAG

4441 GATCTCAACA AGATCCTTTG ATCTTTTCTA CGGGGTCTGA CGCTCAGTGG
AACGAAAACT

4501 CACGTTAAGG GATTTTGGTC ATGAGATTAT CAAAAAGGAT CTTCACCTAG



ATCCTTTTAA

4561 ATTAAAAATG AAGTTTTAAA TCAATCTAAA GTATATATGA GTAAACTTGG
TCTGACAGTT

4621 ACCAATGCTT AATCAGTGAG GCACCTATCT CAGCGATCTG TCTATTTCGT
TCATCCATAG

4681 TTGCCTGACT CCCCGTCGTG TAGATAACTA CGATACGGGA GGGCTTACCA
TCTGGCCCCA

4741 GTGCTGCAAT GATACCGCGA GACCCACGCT CACCGGCTCC AGATTTATCA
GCAATAAACC

4801 AGCCAGCCGG AAGGGCCGAG CGCAGAAGTG GTCCTGCAAC TTTATCCGCC
TCCATCCAGT

4861 CTATTAATTG TTGCCGGGAA GCTAGAGTAA GTAGTTCGCC AGTTAATAGT
TTGCGCAACG

4921 TTGTTGCCAT TGCTACAGGC ATCGTGGTGT CACGCTCGTC GTTTGGTATG
GCTTCATTCA

4981 GCTCCGGTTC CCAACGATCA AGGCGAGTTA CATGATCCCC CATGTTGTGC
AAAAAAGCGG

5041 TTAGCTCCTT CGGTCCTCCG ATCGTTGTCA GAAGTAAGTT GGCCGCAGTG
TTATCACTCA

5101 TGGTTATGGC AGCACTGCAT AATTCTCTTA CTGTCATGCC ATCCGTAAGA
TGCTTTTCTG

5161 TGACTGGTGA GTACTCAACC AAGTCATTCT GAGAATAGTG TATGCGGCGA
CCGAGTTGCT

5221 CTTGCCCGGC GTCAATACGG GATAATACCG CGCCACATAG CAGAACTTTA
AAAGTGCTCA

5281 TCATTGGAAA ACGTTCTTCG GGGCGAAAAC TCTCAAGGAT CTTACCGCTG
TTGAGATCCA

5341 GTTCGATGTA ACCCACTCGT GCACCCAACT GATCTTCAGC ATCTTTTACT
TTCACCAGCG

5401 TTTCTGGGTG AGCAAAAACA GGAAGGCAAA ATGCCGCAAA AAAGGGAATA
AGGGCGACAC

5461 GGAAATGTTG AATACTCATA CTCTTCCTTT TTCAATATTA TTGAAGCATT
TATCAGGGTT

5521 ATTGTCTCAT GAGCGGATAC ATATTTGAAT GTATTTAGAA AAATAAACAA
ATAGGGGTTC

5581 CGCGCACATT TCCCCGAAAA GTGCCACCTG ACGTCTAAGA AACCATTATT
ATCATGACAT



5641 TAACCTATAA AAATAGGCGT ATCACGAGGC CCTTTCGTC
EXAMPLE 13

The phsp70/opd plasmid (Example 11 supra) was inserted into p3E1.2 by cutting p3E1.2 with Cla | and
then ligating with an adaptor containing a Cla | half-site and Apa | site. The construct was then cut with
Apa | and Bam HI. The fragment was gel purified and ligated with gel purified Apa 1/Bgl Il phsp70/opd
fragment. This plasmid is designated piggyBac/opd (FIGS. 7a-7e, SEQ ID NO 14). The phsp/opd marker
gene was coinjected with the piggyBac element of p3E1.2 plasmid into Plodia interpunctella genome to test
the marker. This confirmed that the hsp/opd gene is an effective selectable marker gene for detecting
transformations in insects (Data not shown).

Transformations were attempted by injecting fertile eggs of the Indianmeal moth, Ploida interpunctella with
the piggyBac/opd plasmid with the p3E1.2.DELTA.TRL helper (described above in Example 11) as
described above in Example 8. The insects were hatched and mass-mated. The G.sub.1 progeny of the
mass-mated microinjected insects were permitted to feed for about 24 hours, heat-shocked for about 60
minutes at about 42.degree. C., rested for about 60 minutes at about 26.degree. C. and allowed to feed
before being subjected to selection on paraoxon. The optimum time interval between heat shock and
paraoxon treatment for P. interpunctella is about 4 to about 8 hours for a maximum period for resistance.
The heated stressed caterpillars were then allowed to crawl for about 30 minutes on approximately 50
.mu.gram/cm2 paraoxon-treated filter paper disks.

Four independent transformed lines were recovered which are now in G.sub.16. Three of these lines are
white-eyed mutants. These transformation induced white-eyed mutants of P. interpunctella are genetically
similar to those recovered from the laboratory strain as spontaeous white-eyed mutations, because matings
between the transformation induced white-eyed insects and the spontaneous white-eyed mutants showed no
complementation between the strains. Southern blots of genomic DNA from larvae that were in the tenth
generation of these lines show positive hybridization profiles for both piggyBac and hsp/opd sequences that
are unique for each strain (FIG. 8, compare lane B with L and C with M). Genomic DNA was extracted
from G10 larvae of the PiA-3 and PiA-11 strains of P. interpunctella that were coinjected with
piggyBac/opd and p3E1.2.DELTA.TRL. These results indicate that the Indian meal moth, P. interpunctella
has been genetically transformed using the piggyBac/opd plasmid as the transforming vector.

The foregoing detailed description is for the purpose of illustration. Such detail is solely for that purpose
and those skilled in the art can make variations without departing from the spirit and scope of the invention.

SEQUENCE LISTING
<100> GENERAL INFORMATION:
<160> NUMBER OF SEQ ID NOS: 22
<200> SEQUENCE CHARACTERISTICS:
<210>SEQIDNO 1
<211> LENGTH: 7
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial SequenceF1-2
<400> SEQUENCE: 1
ttaaccc 7
<200> SEQUENCE CHARACTERISTICS:
<210>SEQIDNO 2
<211> LENGTH: 13
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial SequenceM17-4
<400> SEQUENCE: 2



ccctagaaag ata 13

<200> SEQUENCE CHARACTERISTICS:

<210>SEQ IDNO 3

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial SequenceM17-4

<400> SEQUENCE: 3

tatctttcta ggg 13

<200> SEQUENCE CHARACTERISTICS:

<210>SEQ ID NO 4

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Trichoplusia ni

<400> SEQUENCE: 4

ttaaccctag aaagata 17

<200> SEQUENCE CHARACTERISTICS:

<210>SEQ ID NO 5

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Trichoplusia ni

<400> SEQUENCE: 5

tatctttcta gggttaa 17

<200> SEQUENCE CHARACTERISTICS:

<210>SEQ ID NO 6

<211> LENGTH: 7

<212> TYPE: DNA

<213> ORGANISM: Trichoplusia ni

<400> SEQUENCE: 6

gggttaa 7

<200> SEQUENCE CHARACTERISTICS:

<210>SEQ IDNO 7

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequenceprimer
olignucleotide MF34

<400> SEQUENCE: 7

ggatcctcta gattaaccct agaaagata 29

<200> SEQUENCE CHARACTERISTICS:

<210>SEQIDNO 8

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Trichoplusia ni

<400> SEQUENCE: 8

ggatcctcta gattaactct agaggatcc 29

<200> SEQUENCE CHARACTERISTICS:

<210>SEQIDNO 9

<211>LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial SequenceAsel site

<400> SEQUENCE: 9



attaat 6
<200> SEQUENCE CHARACTERISTICS:
<210> SEQ ID NO 10
<211> LENGTH: 5679
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequencep3E1.2
delta

TRL
<400> SEQUENCE: 10
tcgegcegttt cggtgatgac ggtgaaaacc tctgacacat gcagcetcceg gagacggtca 60
cagcttgtct gtaagcggat gccgggagea gacaageccg tcagggegeg tcagegggty 120
ttggcgogtg tcggggctgg cttaactatg cggeatcaga geagattgta ctgagagtge 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgec 240
attcgccatt caggctgcgc aactgttggg aagggcgatc ggtgegggcc tettcgetat 300
tacgccagct ggcgaaaggg ggatgtgetg caaggcegatt aagttgggta acgecagggt 360
tttcccagtc acgacgttgt aaaacgacgg ccagtgccaa gctttgttta aaatataaca 420
aaattgtgat cccacaaaat gaagtggggc aaaatcaaat aattaactag tgtccgtaaa 480
cttgttggtc ttcaactttt tgaggaacac gttggacggc aaatcgtgac tataacacaa 540
gttgatttaa taattttagc caacacgtcg ggctgegtgt tttttgcgcet ctgtgtacac 600
gttgattaac tggtcgatta aataatttaa tttttggttc ttctttaaat ctgtgatgaa 660
attttttaaa ataactttaa attcttcatt ggtaaaaaat gccacgtttt gcaacttgtg 720
agggtctaat atgaggtcaa actcagtagg agttttatcc aaaaaagaaa acatgattac 780
gtctgtacac gaacgcgtat taacgcagag tgcaaagtat aagagggtta aaaaatatat 840
tttacgcacc atatacgcat cgggttgata tcgttaatat ggatcaattt gaacagttga 900
ttaacgtgtc tctgctcaag tctttgatca aaacgcaaat cgacgaaaat gtgtcggaca 960
atatcaagtc gatgagcgaa aaactaaaaa ggctagaata cgacaatctc acagacagcg 1020
ttgagatata cggtattcac gacagcaggc tgaataataa aaaaattaga aactattatt 1080
taaccctaga aagataatca tattgtgacg tacgttaaag ataatcatgc gtaaaattga 1140
cgcatgtgtt tttatcggtc tgtatatcga ggtttattta ttaatttgaa tagatattaa 1200
gttttattat atttacactt acatactaat aataaattca acaaacaatt tatttatgtt 1260
tatttattta ttaaaaaaaa acaaaaactc aaaatttctt ctaaagtaac aaaactttta 1320
aacattctct cttttacaaa aataaactta ttttgtactt taaaaacagt catgttgtat 1380
tataaaataa gtaattagct taacttatac ataatagaaa caaattatac ttattagtca 1440
gtccagaaac aactttggca catatcaata ttatgctctc gacaaataac ttttttgcat 1500
tttttgcacg atgcatttgc ctttcgectt attttagagg ggcagtaagt acagtaagta 1560
cgtttttcta ttactggctc ttcagtactg tcatctgatg taccaggcac ttcatttggc 1620
aaaatattag agatattatc gcgcaaatat ctcttcaaag taggagcttc taaacggtta 1680
cgcataaacg atgacgtcag gctcatgtaa aggtttctca taaatttttt gcgactttga 1740
accttttctc ccttgcetact gacattatgg ctgtatataa taaaagaatt tatgcaggca 1800
atgtttatca ttccgtacaa taatgccata ggccacctat tcgtcttcct actgcaggtc 1860
atcacagaac acatttggtc tagcgtgtcc actccgcectt tagtttgatt ataatacata 1920
accatttgcg gtttaccggt actttcgttg atagaagcat cctcatcaca agatgataat 1980
aagtatacca tcttagctgg cttcggttta tatgagacga gagtaagggg tccgtcaaaa 2040
caaaacatcg atgttcccac tggcctggag cgactgtttt tcagtacttc cggtatctcg 2100
cgtttgtttg atcgcacggt tcccacaatg gttaacttat acggttcttg tagtaagttt 2160
tttgccaaag ggattgaggt gaaccaattg tcacacgtaa tattacgaca actaccgtgc 2220
acaggctttg ataactcctt cacgtagtat tcaccgagtg gtactccgtt ggtctgtgtt 2280
cctcttceca aataaggcat tccatttate atatacttcg taccactgtc acacatcaty 2340
agoattttta ttccatactt acttggcttg tttgggatat acatcctaaa cggacaccgt 2400
cctctaaaac caagtaactg ttcatctatg gtcaaatgag cccctggagt gtaattttgt 2460
atgcactgat ggataaagag atcccatatt tttctaacag gagtaaatac atcgttttct 2520
cgaagtgtgg gccgtatact tttgtcatcc attctaagac atcgtatcaa aaaatccaaa 2580
acgatccaca gactcattac agagacgtac acattgacaa agatcgatcc aaagaggtca 2640
tctgtggaca tgtggttatc ttttctcact getgtcatta ccagaatacc aaagaaagca 2700



tagatttcat cttcattcgt gtcacgaaat gtagcacctg tcatagattc ccgacgtttc 2760
aatgatatct cagcatttgt ccattttaca atttgcgaaa ttatctcatc agtaaaaaat 2820
agtttgaagc ataaaagtgg gtcatatata ttgcggcaca tacgcgtcgg acctctttga 2880
gatctgacaa tgttcagtgc agagactcgg ctaccgctcg tggactttga agttgaccaa 2940
caatgtttat tcttacctct aatagtcctc tgtggcaagg tcaagattct gttagaagcc 3000
aatgaagaac ctggttgttc aataacattt tgttcgtcta atatttcact acgcttgacg 3060
ttggctgaca cttcatgtac ctcatctata aacgcttctt ctgtatcgct ctggacgtct 3120
tcacttacgt gatctgatat ttcactgtca gaatcctcac caacaagctc gtcatcgect 3180
tgcagaagag cagagaggat atgctcatcg tctaaagaac atcccatttt attatatatt 3240
agtcacgata tctataacaa gaaaatatat atataataag ttatcacgta agtagaacat 3300
gaaataacaa tattaattat cgtatgagtt aaatcttaaa agtcacgtaa aagataatca 3360
tgcgtcattt tgactcacge ggtcgttata gttcaaaatc agtgacactt accgcattga 3420
caagcacgcc tcagccgagc tcgaattcgt aatcatggtc atagctgttt cctgtgtgaa 3480
attgttatcc gctcacaatt ccacacaaca tacgagccgg aagcataaag tgtaaagcct 3540
ggggtgccta atgagtgagc taactcacat taattgcgtt gcgctcactg cccgctttcc 3600
agtcgggaaa cctgtcgtge cagctgeatt aatgaatcgg ccaacgegeg gggagaggeg 3660
gtttgcgtat tgggegctct tcegcettect cgcetcactga ctegetgegce teggtegttc 3720
ggctgeggceg ageggtatca getcactcaa aggcggtaat acggttatce acagaatcag 3780
gggataacgc aggaaagaac atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa 3840
aggccgcgtt getggeagttt ttccatagge teccgeecccc tgacgageat cacaaaaatc 3900
gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag gegtttccce 3960
ctggaagctc cctegtgegce teteetgtte cgaccctgec gettaccgga tacctgtceg 4020
cctttcteece ttcgggaagce gtggcegcttt ctcaatgete acgetgtagg tatctcagtt 4080
cggtgtaggt cgttcgctce aagetgggct gtgtgcacga accccccgtt cageccgace 4140
gctgcegcctt atccggtaac tatcgtcttg agtccaacce ggtaagacac gacttatcge 4200
cactggcagc agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag 4260
agttcttgaa gtggtggcct aactacggct acactagaag gacactattt ggtatctgcg 4320
ctctgctgaa gecagttacc ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa 4380
ccaccgctgg tageggtggt ttttttgttt gcaagcagea gattacgcgce agaaaaaaag 4440
gatctcaaga agatcctttg atcttttcta cggggtctga cgctcagtgg aacgaaaact 4500
cacgttaagg gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa 4560
attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt 4620
accaatgctt aatcagtgag gcacctatct cagcgatctg tctatttcgt tcatccatag 4680
ttgcctgact cceegtegtg tagataacta cgatacggga gggcttacca tctggeccca 4740
gtgctgcaat gataccgcga gacccacgct caccggcetec agatttatca gcaataaacc 4800
agccagccgg aagggcecgag cgcagaagtg gtcetgeaac tttatcegece tccatccagt 4860
Ctattaattg ttgccgggaa gctagagtaa gtagttcgec agttaatagt ttgcgcaacg 4920
ttgttgccat tgctacaggc atcgtggtgt cacgetegtc gtttggtatg gcettcattca 4980
gctccggttc ccaacgatca aggcgagtta catgatcccc catgttgtge aaaaaagegg 5040
ttagctcctt cggtccteeg atcgttgtca gaagtaagtt ggeccgceagtg ttatcactca 5100
tggttatggc agcactgcat aattctctta ctgtcatgec atccgtaaga tgcttttctg 5160
tgactggtga gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttget 5220
cttgceeggc gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca 5280
tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca 5340
gttcgatgta acccactcgt gcacccaact gatcttcagc atcttttact ttcaccagcg 5400
tttctgggty agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac 5460
ggaaatgttg aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt 5520
attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc 5580
cgcgcacatt tccccgaaaa gtgecacctg acgtctaaga aaccattatt atcatgacat 5640
taacctataa aaataggcgt atcacgaggc cctttcgtc 5679

<200> SEQUENCE CHARACTERISTICS:

<210> SEQ ID NO 11

<211> LENGTH: 2476

<212> TYPE: DNA

<213> ORGANISM: Trichoplusia ni

<220> FEATURE:



<221> NAME/KEY: CDS
<222> LOCATION: (333)..(2123)
<400> SEQUENCE: 11
ccctagaaag atagtctgeg taaaattgac gcatgcattc ttgaaatatt getctctctt 60
tctaaatagc gcgaatcegt cgctgtttge aatttaggac atctcagtcg ccgettggag 120
ctcggcetgag gegtgcettgt caatgecggta agtgtcactg attttgaact ataacgaccg 180
cgtgagtcaa aatgacgcat gattatcttt tacgtgactt ttaagattta actcatacga 240
taattaatat tgttatttca tgttctactt acgtgataac ttattatata tatattttct 300
tgttatagat atcgtgacta atatataata aa atg gga tgt tct tta gac gat 353
Met Gly Cys Ser Leu Asp Asp
1 5
gag cat atc ctc tct gct ctt ctg caa ggc gat gac gag ctt gtt ggt 401
Glu His Ile Leu Ser Ala Leu Leu GIn Gly Asp Asp Glu Leu Val Gly
10 15 20
gag gat tct gac agt gaa ata tca gat cac gta agt gaa gac gtc cag 449
Glu Asp Ser Asp Ser Glu lle Ser Asp His Val Ser Glu Asp Val Gin
25 30 35
agc gat aca gaa gaa gcg ttt ata gat gag gta cat gaa gtg tcagcc 497
Ser Asp Thr Glu Glu Ala Phe lle Asp Glu Val His Glu Val Ser Ala
40 45 50 55
aac gtc aag cgt agt gaa ata tta gac gaa caa aat gtt att gaa caa 545
Asn Val Lys Arg Ser Glu lle Leu Asp Glu GIn Asn Val lle Glu GIn
60 65 70
cca ggt tct tca ttg gcet tct aac aga atc ttg acc ttg ccacagagg 593
Pro Gly Ser Ser Leu Ala Ser Asn Arg lle Leu Thr Leu Pro GIn Arg
75 80 85
act att aga ggt aag aat aaa cat tgt tgg tca act tca aag tccacg 641
Thr Ile Arg Gly Lys Asn Lys His Cys Trp Ser Thr Ser Lys Ser Thr
90 95 100
agc ggt agc cga gtc tct gca ctg aac att gtc aga tct caa agaggt 689
Ser Gly Ser Arg Val Ser Ala Leu Asn lle Val Arg Ser GIn Arg Gly
105 110 115
CCg acg cgt atg tgc cgc aat ata tat gac cca ctt tta tgc ttc aaa 737
Pro Thr Arg Met Cys Arg Asn lle Tyr Asp Pro Leu Leu Cys Phe Lys
120 125 130 135
cta ttt ttt act gat gag ata att tcg caa att gta aaa tgg aca aat 785
Leu Phe Phe Thr Asp Glu lle lle Ser GIn lle Val Lys Trp Thr Asn
140 145 150
gct gag ata tca ttg aaa cgt cgg gaa tct atg aca ggt gct aca ttt 833
Ala Glu lle Ser Leu Lys Arg Arg Glu Ser Met Thr Gly Ala Thr Phe
155 160 165
cgt gac acg aat gaa gat gaa atc tat gct ttc ttt ggt att ctg gta 881
Arg Asp Thr Asn Glu Asp Glu lle Tyr Ala Phe Phe Gly lle Leu Val
170 175 180
atg aca gca gtg aga aaa gat aac cac atg tcc aca gat gac ctc ttt 929
Met Thr Ala Val Arg Lys Asp Asn His Met Ser Thr Asp Asp Leu Phe
185 190 195
gga tcg atc ttt gtc aat gtg tac gtc tct gta atg agt ctg tgg atc 977
Gly Ser lle Phe Val Asn Val Tyr Val Ser VVal Met Ser Leu Trp lle
200 205 210 215
gtt ttg gat ttt ttg ata cga tgt ctt aga atg gat gac aaa agt ata 1025
Val Leu Asp Phe Leu lle Arg Cys Leu Arg Met Asp Asp Lys Ser lle
220 225 230
Cgg ccc aca ctt cga gaa aac gat gta ttt act cct gtt aga aaa ata 1073
Arg Pro Thr Leu Arg Glu Asn Asp Val Phe Thr Pro Val Arg Lys lle
235 240 245



tgg gat ctc ttt atc cat cag tgc ata caa aat tac act ccaggg gct 1121
Trp Asp Leu Phe lle His GIn Cys lle GIn Asn Tyr Thr Pro Gly Ala
250 255 260

cat ttg acc ata gat gaa cag tta ctt ggt ttt aga gga cgg tgt ccg 1169

His Leu Thr lle Asp Glu GIn Leu Leu Gly Phe Arg Gly Arg Cys Pro
265 270 275

ttt agg atg tat atc cca aac aag cca agt aag tat gga ata aaa atc 1217

Phe Arg Met Tyr lle Pro Asn Lys Pro Ser Lys Tyr Gly lle Lys lle

280 285 290 295

ctc atg atg tgt gac agt ggt acg aag tat atg ata aat gga atg cct 1265

Leu Met Met Cys Asp Ser Gly Thr Lys Tyr Met lle Asn Gly Met Pro
300 305 310
tat ttg gga aga gga aca cag acc aac gga gta cca ctc ggt gaa tac 1313
Tyr Leu Gly Arg Gly Thr GIn Thr Asn Gly Val Pro Leu Gly Glu Tyr
315 320 325
tac gtg aag gag tta tca aag cct gtg cac ggt agt tgt cgt aat att 1361
Tyr Val Lys Glu Leu Ser Lys Pro Val His Gly Ser Cys Arg Asn lle
330 335 340
acg tgt gac aat tgg ttc acc tca atc cct ttg gca aaa aac ttacta 1409
Thr Cys Asp Asn Trp Phe Thr Ser lle Pro Leu Ala Lys Asn Leu Leu
345 350 355
caa gaa ccg tat aag tta acc att gtg gga acc gtg cga tca aac aaa 1457
GIn Glu Pro Tyr Lys Leu Thr lle Val Gly Thr Val Arg Ser Asn Lys
360 365 370 375
CgC gag ata ccg gaa gta ctg aaa aac agt cgc tcc agg cca gtg gga 1505
Arg Glu Ile Pro Glu Val Leu Lys Asn Ser Arg Ser Arg Pro Val Gly
380 385 390
aca tcg atg ttt tgt ttt gac gga ccc ctt act ctc gtc tca tat aaa 1553
Thr Ser Met Phe Cys Phe Asp Gly Pro Leu Thr Leu Val Ser Tyr Lys
395 400 405
CCcg aag cca gct aag atg gta tac tta tta tca tct tgt gat gag gat 1601
Pro Lys Pro Ala Lys Met Val Tyr Leu Leu Ser Ser Cys Asp Glu Asp
410 415 420
gct tct atc aac gaa agt acc ggt aaa ccg caa atg gtt atg tat tat 1649
Ala Ser lle Asn Glu Ser Thr Gly Lys Pro GIn Met Val Met Tyr Tyr
425 430 435
aat caa act aaa ggc gga gtg gac acg cta gac caa atg tgt tct gtg 1697
Asn GIn Thr Lys Gly Gly Val Asp Thr Leu Asp GIn Met Cys Ser Val
440 445 450 455
atg acc tgc agt agg aag acg aat agg tgg cct atg gca tta ttg tac 1745
Met Thr Cys Ser Arg Lys Thr Asn Arg Trp Pro Met Ala Leu Leu Tyr
460 465 470
gga atg ata aac att gcc tgc ata aat tct ttt att ata tac agc cat 1793
Gly Met lle Asn lle Ala Cys lle Asn Ser Phe lle Ile Tyr Ser His
475 480 485
aat gtc agt agc aag gga gaa aag gtt caa agt cgc aaa aaa tttatg 1841
Asn Val Ser Ser Lys Gly Glu Lys Val Gln Ser Arg Lys Lys Phe Met
490 495 500
aga aac ctt tac atg agc ctg acg tca tcg ttt atg cgt aac cgt tta 1889
Arg Asn Leu Tyr Met Ser Leu Thr Ser Ser Phe Met Arg Asn Arg Leu
505 510 515
gaa gct cct act ttg aag aga tat ttg cgc gat aat atc tct aat att 1937
Glu Ala Pro Thr Leu Lys Arg Tyr Leu Arg Asp Asn lle Ser Asn lle



520 525 530 535

ttg cca aat gaa gtg cct ggt aca tca gat gac agt act gaa gag cca 1985
Leu Pro Asn Glu Val Pro Gly Thr Ser Asp Asp Ser Thr Glu Glu Pro

540 545 550
gta atg aaa aaa cgt act tac tgt act tac tgc ccc tct aaa ataagg 2033
Val Met Lys Lys Arg Thr Tyr Cys Thr Tyr Cys Pro Ser Lys lle Arg
555 560 565
Cga aag gca aat gca tcg tgc aaa aaa tgc aaa aaa gtt att tgt cga 2081
Arg Lys Ala Asn Ala Ser Cys Lys Lys Cys Lys Lys Val lle Cys Arg
570 575 580

gag cat aat att gat atg tgc caa agt tgt ttc tgg act gac 2123
Glu His Asn lle Asp Met Cys GIn Ser Cys Phe Trp Thr Asp
585 590 595

taataagtat aatttgtttc tattatgtat aagttaagct aattacttat tttataatac 2183
aacatgactg tttttaaagt acaaaataag tttatttttg taaaagagag aatgtttaaa 2243
agttttgtta ctttagaaga aattttgagt ttttgttttt ttttaataaa taaataaaca 2303
taaataaatt gtttgttgaa tttattatta gtatgtaagt gtaaatataa taaaacttaa 2363
tatctattca aattaataaa taaacctcga tatacagacc gataaaaaca catgcgtcaa 2423
ttttacgcat gattatcttt aacgtacgtc acaatatgat tatctttcta ggg 2476
<200> SEQUENCE CHARACTERISTICS:
<210>SEQ ID NO 12
<211> LENGTH: 597
<212>TYPE: PRT
<213> ORGANISM: Trichoplusia ni
<400> SEQUENCE: 12
Met Gly Cys Ser Leu Asp Asp Glu His lle Leu Ser Ala Leu Leu GIn
1 5 10 15
Gly Asp Asp Glu Leu Val Gly Glu Asp Ser Asp Ser Glu lle Ser Asp
20 25 30
His Val Ser Glu Asp Val GIn Ser Asp Thr Glu Glu Ala Phe lle Asp
35 40 45
Glu Val His Glu Val Ser Ala Asn Val Lys Arg Ser Glu lle Leu Asp
50 55 60
Glu GIn Asn Val lle Glu GIn Pro Gly Ser Ser Leu Ala Ser Asn Arg
65 70 75 80
lle Leu Thr Leu Pro GIn Arg Thr Ile Arg Gly Lys Asn Lys His Cys
85 90 95
Trp Ser Thr Ser Lys Ser Thr Ser Gly Ser Arg Val Ser Ala Leu Asn
100 105 110
lle VVal Arg Ser GIn Arg Gly Pro Thr Arg Met Cys Arg Asn lle Tyr
115 120 125
Asp Pro Leu Leu Cys Phe Lys Leu Phe Phe Thr Asp Glu lle lle Ser
130 135 140
GlIn lle Val Lys Trp Thr Asn Ala Glu lle Ser Leu Lys Arg Arg Glu
145 150 155 160
Ser Met Thr Gly Ala Thr Phe Arg Asp Thr Asn Glu Asp Glu lle Tyr
165 170 175
Ala Phe Phe Gly lle Leu Val Met Thr Ala Val Arg Lys Asp Asn His
180 185 190
Met Ser Thr Asp Asp Leu Phe Gly Ser lle Phe Val Asn Val Tyr Val
195 200 205
Ser Val Met Ser Leu Trp lle Val Leu Asp Phe Leu lle Arg Cys Leu
210 215 220
Arg Met Asp Asp Lys Ser lle Arg Pro Thr Leu Arg Glu Asn Asp Val
225 230 235 240
Phe Thr Pro Val Arg Lys lle Trp Asp Leu Phe Ile His GIn Cys lle



245 250 255
GIn Asn Tyr Thr Pro Gly Ala His Leu Thr Ile Asp Glu GIn Leu Leu
260 265 270
Gly Phe Arg Gly Arg Cys Pro Phe Arg Met Tyr lle Pro Asn Lys Pro
275 280 285
Ser Lys Tyr Gly lle Lys lle Leu Met Met Cys Asp Ser Gly Thr Lys
290 295 300
Tyr Met lle Asn Gly Met Pro Tyr Leu Gly Arg Gly Thr GIn Thr Asn
305 310 315 320
Gly Val Pro Leu Gly Glu Tyr Tyr Val Lys Glu Leu Ser Lys Pro Val
325 330 335
His Gly Ser Cys Arg Asn lle Thr Cys Asp Asn Trp Phe Thr Ser lle
340 345 350
Pro Leu Ala Lys Asn Leu Leu GIn Glu Pro Tyr Lys Leu Thr lle Val
355 360 365
Gly Thr Val Arg Ser Asn Lys Arg Glu lle Pro Glu Val Leu Lys Asn
370 375 380
Ser Arg Ser Arg Pro Val Gly Thr Ser Met Phe Cys Phe Asp Gly Pro
385 390 395 400
Leu Thr Leu Val Ser Tyr Lys Pro Lys Pro Ala Lys Met Val Tyr Leu
405 410 415
Leu Ser Ser Cys Asp Glu Asp Ala Ser lle Asn Glu Ser Thr Gly Lys
420 425 430
Pro GIn Met Val Met Tyr Tyr Asn GIn Thr Lys Gly Gly Val Asp Thr
435 440 445
Leu Asp GIn Met Cys Ser Val Met Thr Cys Ser Arg Lys Thr Asn Arg
450 455 460
Trp Pro Met Ala Leu Leu Tyr Gly Met lle Asn lle Ala Cys lle Asn
465 470 475 480
Ser Phe lle lle Tyr Ser His Asn Val Ser Ser Lys Gly Glu Lys Val
485 490 495
GIn Ser Arg Lys Lys Phe Met Arg Asn Leu Tyr Met Ser Leu Thr Ser
500 505 510
Ser Phe Met Arg Asn Arg Leu Glu Ala Pro Thr Leu Lys Arg Tyr Leu
515 520 525
Arg Asp Asn lle Ser Asn lle Leu Pro Asn Glu Val Pro Gly Thr Ser
530 535 540
Asp Asp Ser Thr Glu Glu Pro Val Met Lys Lys Arg Thr Tyr Cys Thr
545 550 555 560
Tyr Cys Pro Ser Lys lle Arg Arg Lys Ala Asn Ala Ser Cys Lys Lys
565 570 575
Cys Lys Lys Val lle Cys Arg Glu His Asn lle Asp Met Cys Gln Ser
580 585 590
Cys Phe Trp Thr Asp
595
<200> SEQUENCE CHARACTERISTICS:
<210>SEQ ID NO 13
<211> LENGTH: 6723
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial SequenceClone
p3el.2H/S
<400> SEQUENCE: 13
tcgegegttt cggtgatgac ggtgaaaacc tctgacacat geagetcecg gagacggtca 60
cagcttgtct gtaagcggat gccgggagea gacaagececg tcagggegeg tcagegggtg 120



ttggcggatg tcggggcetgg cttaactatg cggcatcaga geagattgta ctgagagtge 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggat aaaataccgc atcaggecgec 240
attcgccatt caggctgegc aactgttggg aagggcgatc ggtgegggcc tettcgetat 300
tacgccagct ggcgaaaggg ggatgtgetg caaggcegatt aagttgggta acgecagggt 360
tttcccagtc acgacgttgt aaaacgacgg ccagtgccaa gctttgttta aaatataaca 420
aaattgtgat cccacaaaat gaagtggggc aaaatcaaat aattaactag tgtccgtaaa 480
cttgttggtc ttcaactttt tgaggaacac gttggacggc aaatcgtgac tataacacaa 540
gttgatttaa taattttagc caacacgtcg ggctgcegtgt tttttgegcet ctgtgtacac 600
gttgattaac tggtcgatta aataatttaa tttttggttc ttctttaaat ctgtgatgaa 660
attttttaaa ataactttaa attcttcatt ggtaaaaaat gccacgtttt gcaacttgtg 720
agggtctaat atgaggtcaa actcagtagg agttttatcc aaaaaagaaa acatgattac 780
gtctgtacac gaacgcgtat taacgcagag tgcaaagtat aagagggtta aaaaatatat 840
tttacggcac cataacgcat cgggttgata tcgttaatat ggatcaattt gaacagttga 900
ttaacgtgtc tctgctcaag tctttgatca aaacgcaaat cgacgaaaat gtgtcggaca 960
atatcaagtc gatgagcgaa aaactaaaaa ggctagaata cgacaatctc acagacagcg 1020
ttgagatata cggtattcac gacagcaggc tgaataataa aaaaattaga aactattatt 1080
taaccctaga aagataatca tattgtgacg tacgttaaag ataatcatgc gtaaaattga 1140
cgcatgtgtt tttatcggtc tgtatatcga ggtttattta ttaatttgaa tagatattaa 1200
gttttattat atttacactt acatactaat aataaattca acaaacaatt tatttatgtt 1260

tatttattta ttaaaaaaaa acaaaaactc aaaatttctt ctaaagtaac aaaactttta 1320
aacattctct cttttacaaa aataaactta ttttgtactt taaaaacagt catgttgtat 1380
tataaaataa gtaattagct taacttatac ataatagaaa caaattatac ttattagtca 1440
gtccagaaac aactttggca catatcaata ttatgctctc gacaaataac ttttttgcat 1500
tttttgcacg atgcatttgc ctttcgectt attttagagg ggcagtaagt acagtaagta 1560
cgttttttca ttactggctc ttcagtactg tcatctgatg taccaggcac ttcatttggc 1620
aaaatattag agatattatc gcgcaaatat ctcttcaaag taggagcttc taaacggtta 1680
cgcataaacg atgacgtcag gctcatgtaa aggtttctca taaatttttt gcgactttga 1740
accttttctc ccttgctact gacattatgg ctgtatataa taaaagaatt tatgcaggca 1800
atgtttatca ttccgtacaa taatgccata ggccacctat tcgtcttcct actgcaggtc 1860
atcacagaac acatttggtc tagcgtgtcc actccgectt tagtttgatt ataatacata 1920
accatttgcg gtttaccggt actttcgttg atagaagcat cctcatcaca agatgataat 1980
aagtatacca tcttagctgg cttcggttta tatgagacga gagtaagggg tccgtcaaaa 2040
caaaacatcg tgcacagggc cccccctcga gaaatttcte tggecgttat tegttattct 2100
ctcttttctt tttgggtctc tccctetetg cactaatgct ctetcactct gtcacacagt 2160
aaacggcata ctgctctcgt tggttcgaga gagcgegcct cgaatgttcg cgaaaagagc 2220
gccggagtat aaatagaggc getcgtctac cggagcegaca attcaattca aacaagcaaa 2280
gtgaacacgt cgctaagcga aagctaagca aataaacaag cgcagcetgaa caagctaaac 2340
aatctgcagt aaagtgcaag ttaaagtgaa tcaattaaaa gtaaccagca accaagtaaa 2400
tcaactgcaa ctactgaaat ctgccaagaa gtaattattg aatacaagaa gagaactcty 2460
aatagggaat tgggaattag gtaccgaatt acacagaatg aattccggceg atcggatcaa 2520
taccgtgcgc ggtcctatca caatctctga agegggtttc acactgactc acgagcacat 2580
ctgcggcagc tcggceaggat tettgegtge ttggecagag ttettcggta gecgcaaage 2640
tctagcggaa aaggctgtga gaggattgeg ccgegecaga geggetggeg tgcgaacgat 2700
tgtcgatgtg tcgactttcg atatcggtcg cgacgtcagt ttattggcecg aggtttcgeg 2760
ggctgecgac gttcatatcg tggcggegac cggcettgtgg ttcgacccgce cactttcgat 2820
gcgattgagg agtgtagagg aactcacaca gttcttcctg cgtgagattc aatatggcat 2880
cgaagacacc ggaattaggg cgggcattat caaggtcgcg accacaggca aggcgaccce 2940
ctttcaggag ttagtgttaa aggcggecgce ccgggecagce ttggecaccg gtgtteegtt 3000
aaccactcac acggcagcaa gtcagcgcga tggtgagcag caggcecgcca tttttgagtc 3060
cgaaggcttg agcccctcac gggtttgtat tggtcacagce gatgatactg acgatttgag 3120
ctatctcacc gccctegetg cgegeggata cctcatcggt ctagaccaca tcccgecacag 3180
tgcgattggt ctagaagata atgcgagtgc atcagccctc ctgggcatcc gttcgtggeca 3240
aacacgggct ctcttgatca aggcgctcat cgaccaaggc tacatgaaac aaatcctcgt 3300
ttcgaatgac tggctgttcg ggttttcgag ctatgtcacc aacatcatgg acgtgatgga 3360
tcgcgtgaac cccgacggga tggcectteat tccactgaga gtgatcccat tectacgaga 3420
gaagggcgtc ccacaggaaa cgctggcagg catcactgtc actaacccgg cgeggttctt 3480



gtcaccgacc ttgcgggcegt catgacgceca tctggatcta gaatggttta tttgtacaca 3540
tttactttaa atttaataaa atttacttta gccgttgtcc gataattctt atatttaatt 3600
taaaccacct gcaagctttt aataaatcta tatgttcccg ggatctgaca atgttcagtg 3660
cagagactcg gctaccgctc gtggactttg aagttgacca acaatgttta ttcttacctc 3720
taatagtcct ctgtggcaag gtcaagattc tgttagaagc caatgaagaa cctggttgtt 3780
caataacatt ttgttcgtct aatatttcac tacgcttgac gttggctgac acttcatgta 3840
cctcatctat aaacgcttct tctgtatcgce tctggacgtc ttcacttacg tgatctgata 3900
tttcactgtc agaatcctca ccaacaagct cgtcatcgec ttgcagaaga gcagagagga 3960
tatgctcatc gtctaaagaa catcccattt tattatatat tagtcacgat atctataaca 4020
agaaaatata tatataataa gttatcacgt aagtagaaca tgaaataaca atattaatta 4080
tcgtatgagt taaatcttaa aagtcacgta aaagataatc atgcgtcatt ttgactcacg 4140
cggtcgttat agttcaaaat cagtgacact taccgcattg acaagcacgc ctcagccgag 4200
ctccaagcgg cgactgagat gtcctaaatt gcaaacagcg acggattcge getatttaga 4260
aagagagagc aatatttcaa gaatgcatgc gtcaatttta cgcagactat ctttctaggg 4320
ttaaaaaaga tttgcgcttt actcgaccta aactttaaac acgtcataga atcttcgttt 4380
gacaaaaacc acattgtggc caagctgtgt gacgcgacgc gegcetaaaga atggcaaacce 4440
aagtcgcgceg agcgtcgact ctagaggatc cccgggtacc gagetcgaat tcgtaatcat 4500
ggtcatagct gtttcctgtg tgaaattgtt atccgcetcac aattccacac aacatacgag 4560
ccggaagcat aaagtgtaaa gectggggtg cctaatgagt gagctaactc acattaattg 4620
cgttgcgcte actgcccgct ttccagtcgg gaaacctgte gtgecagetg cattaatgaa 4680
tcggccaacg cgcggggaga ggeggtttge gtattgggeg ctetteeget tectegetca 4740
ctgactcgct gegcteggte gttcggetge ggcgageggt atcagetcac tcaaaggegg 4800
taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc 4860
agcaaaaggc caggaaccgt aaaaaggccg cgttgetggc gtttttccat aggctccgee 4920
ccecctgacga geatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac 4980
tataaagata ccagccgttt cccecetggaa getcectegt gegetctect gttccgacce 5040
tgcegcttac cggatacctg tcegcectttc tcecttcggg aagegtggceg ctttctcaat 5100
gctcacgcetg taggtatctc agttcggtgt aggtcgttcg ctccaagcetg ggcetgtgtge 5160
acgaaccccc cgttcagecc gaccgcetgeg ccttatccgg taactatcgt cttgagtcca 5220
acccggtaag acacgactta tcgecactgg cagcagcecac tggtaacagg attagcagag 5280
cgaggtatgt aggcggtgct acagagttct tgaagtggtg gectaactac ggctacacta 5340
gaaggacagt atttggtatc tgcgctctge tgaagcecagt taccttcgga aaaagagttg 5400
gtagctcttg atccggcaaa caaaccaccg ctggtagegg tggttttttt gtttgcaage 5460
agcagattac gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tctacggggt 5520
ctgacgctca gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa 5580
ggatcttcac ctagatcctt ttaaattaaa aatgaagttt taaatcaatc taaagtatat 5640
atgagtaaac ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga 5700
tctgtctatt tcgttcatce atagttgect gactcceegt cgtgtagata actacgatac 5760
gggagggctt accatctggc cccagtgctg caatgatacc gcgagaccca cgctcaccgg 5820
ctccagattt atcagcaata aaccagccag ccggaagggce cgagcegceaga agtggtectg 5880
caactttatc cgcctccatc cagtctatta attgttgccg ggaagctaga gtaagtagtt 5940
cgccagttaa tagtttgcge aacgttgttg ccattgctac aggcatcgtg gtgtcacget 6000
cgtcgtttgg tatggcttca ttcagctccg gttcccaacg atcaaggcega gttacatgat 6060
cccccatgtt gtgcaaaaaa geggttagcet ccttcggtec tccgategtt gtcagaagta 6120

agttggccgce agtgttatca ctcatggtta tggcagcact geataattct cttactgtca 6180
tgccatcegt aagatgcttt tctgtgactg gtgagtactc aaccaagtca ttctgagaat 6240
agtgtatgcg gcgaccgagt tgctcttgec cggegtcaat acgggataat accgcgecac 6300
atagcagaac tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga aaactctcaa 6360
ggatcttacc gctgttgaga tccagttcga tgtaacccac tcgtgcaccce aactgatctt 6420
cagcatcttt tactttcacc agcgtttctg ggtgagcaaa aacaggaagg caaaatgccg 6480
caaaaaaggyg aataagggcg acacggaaat gttgaatact catactcttc ctttttcaat 6540
attattgaag catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt 6600
agaaaaataa acaaataggg gttccgcegca catttccceg aaaagtgceca cctgacgtct 6660



aagaaaccat tattatcatg acattaacct ataaaaatag gcgtatcacg aggccctttc 6720
gtc 6723

<200> SEQUENCE CHARACTERISTICS:

<210> SEQ ID NO 14

<211> LENGTH: 6723

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial
SequencepiggyBac/opd

<400> SEQUENCE: 14

gacgaaaggg cctcgtgata cgcctatttt tataggttaa tgtcatgata ataatggttt 60
cttagacgtc aggtggcact tttcggggaa atgtgcgcgg aacccctatt tgtttatttt 120
tctaaataca ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat 180
aatattgaaa aaggaagagt atgagtattt caacatttcc gtgtcgcctt attccctttt 240
ttgcggcatt ttgecttect gtttttgetc acccagaaac getggtgaaa gtaaaagatg 300
ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga 360
tccttgagag ttttcgecce gaagaacgtt ttccaatgat gagceactttt aaagttctge 420
tatgtggcgc ggtattatce cgtattgacg ccgggcaaga gcaactcggt cgecgeatac 480
actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggaty 540
gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca 600
acttacttct gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg 660
gggatcatgt aactcgcctt gatcgttggg aaccggagct gaatgaagcec ataccaaacyg 720
acgagcgtga caccacgatg cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg 780
gcgaactact tactctagct tcccggcaac aattaataga ctggatggag gcggataaag 840
ttgcaggacc acttctgcge tcggcecctte cggetggcetg gtttattget gataaatctg 900
gagccggtga gegtgggtet cgeggtatca ttgcagcact ggggecagat ggtaagecct 960
cccgtatcgt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 1020
agatcgctga gataggtgcc tcactgatta agcattggta actgtacgac caagtttact 1080
catatatact ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga 1140
tcctttttga taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagegt 1200
cagaccccgt agaaaagatc aaaggatctt cttgagatcc tttttttctg cgcgtaatct 1260
gctgcttgca aacaaaaaaa ccaccgctac cageggtggt ttgtttgeeg gatcaagage 1320
taccaactct ttttccgaag gtaactggct tcagcagagc gcagatacca aatactgtcc 1380
ttctcatgta gecgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc 1440
tcgetetgcet aatcctgtta ccagtggcetg ctgeccagtgg cgataagteg tgtcttaccg 1500
ggttggactc aagacgatag ttaccggata aggcgcagceg gtcgggetga acggggggtt 1560
cgtgcacaca gcccagcttg gagcgaacga cctaccacga actgagatac ctacagegtg 1620
agcattgaga aagcgccacg cttcccgaag ggagaaaggc ggacaggtat ccggtaagcc 1680
gcagggtcgg aacaggagag cgcacgaggg agcttccagg gggaaacgcec tggtatettt 1740
atagtcctgt cgggtttcge cacctctgac ttgagegteg atttttgtga tgctcgtcag 1800
gggggcggag cctatggaaa aacgccagcea acgcggcectt tttacggttc ctggectttt 1860
gctggccttt tgctcacatg ttctttcetg cgttatcecc tgattctgtg gataaccgta 1920
ttaccgectt tgagtgagct gataccgctc gecgeagecg aacgaccgag cgcagegagt 1980
cagtgagcga ggaagcggaa gagcgeccaa tacgcaaacc gectetceec gegegttgge 2040
cgattcatta atgcagctgg cacgacaggt ttcccgactg gaaagcgggce agtgagegea 2100
acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac tttatgcttc 2160
cggctcgtat gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg 2220
accatgatta cgaattcgag ctcggtaccc ggggatcctc tagagtcgac getcgegega 2280
cttggtttgc cattctttag cgcgegtege gtcacacagce ttggccacaa tgtggttttt 2340
gtcaaacgaa gattctatga cgtgtttaaa gtttaggtcg agtaaagcgc aaatcttttt 2400
taaccctaga aagatagtct gcgtaaaatt gacgcatgca ttcttgaaat attgctctct 2460
ctttctaaat agcgcgaatc cgtcgcetgtt tgcaatttag gacatctcag tcgeegcettg 2520
gagctcggct gaggegtgct tgtcaatgcg gtaagtgtca ctgattttga actataacga 2580
ccgegtgagt caaaatgacg catgattatc ttttacgtga cttttaagat ttaactcata 2640
cgataattaa tattgttatt tcatgttcta cttacgtgat aacttattat atatatattt 2700



tctigttata gatatcgtga ctaatatata ataaaatggg atgttcttta gacgatgagc 2760
atatcctctc tgctcttctg caaggcgatg acgagcttgt tggtgaggat tctgacagtg 2820
aaatatcaga tcacgtaagt gaagacgtcc agagcgatac agaagaagcg tttatagatg 2880
aggtacatga agtgtcagcc aacgtcaagc gtagtgaaat attagacgaa caaaatgtta 2940
ttgaacaacc aggttcttca ttggcttcta acagaatctt gaccttgcca cagaggacta 3000
ttagaggtaa gaataaacat tgttggtcaa cttcaaagtc cacgagcggt agccgagtct 3060
ctgcactgaa cattgtcaga tcccgggaac atatagattt attaaaagct tgcaggtggt 3120
ttaaattaaa tataagaatt atcggacaac ggctaaagta aattttatta aatttaaagt 3180
aaatgtgtac aaataaacca ttctagatcc agatggcgtc atgacgcccg caaggtcggt 3240
gacaagaacc gcgccgggtt agtcacagtg atgectgeca gegtttectg tgggacgece 3300
ttctctcgta ggaatgggat cactctcagt ggaatgaagg ccatcccgtc ggggttcacg 3360
cgatccatca cgtccatgat gttggtgaca tagctcgaaa acccgaacag ccagtcattc 3420
gaaacgagga tttgtttcat gtagccttgg tcgatgageg ccttgatcaa gagagcecegt 3480
gtttgccacg aacggatgcc caggagggct gatgcactcg cattatcttc tagaccaatc 3540
gcactgtgcg ggatgtggtc tagaccgatg aggtatccge gecgecagegag ggecggtgaga 3600
tagctcaaat cgtcagtatc atcgctgtga ccaatacaaa cccgtgaggg getcaagect 3660
tcggactcaa aaatggcggc ctgctgctca ccatcgegct gacttgetge cgtgtgagtg 3720
gttaccggaa caccggtggc caagcetggec cgggeggecg cctttaacac taactcetga 3780
aagggggtcg ccttgectgt ggtcgegacc ttgataatge ccgecctaat tceggtgtet 3840
tcgatgccat attgaatctc acgcaggaag aactgtgtga gttcctctac actcctcaat 3900
cgcatcgaaa gtggcgggtc gaaccacaag ccggtcgecg ccacgatatg aacgtcggea 3960
gcccgegaaa cctcggecaa taaactgacg tcgecgaccga tatcgaaagt cgacacatcg 4020
acaatcgttc gcacgccagc cgetetggeg cggegcaate ctctcacagce cttttccget 4080
agagctttgc ggctaccgaa gaactctgge caagcacgca agaatcctge cgagetgeceg 4140
cagatgtgct cgtgagtcag tgtgaaaccc gcttcagaga ttgtgatagg accgcgcacg 4200
gtattgatcc gatcgccgga attcattetg tgtaattcgg tacctaattc ccaattccct 4260
attcagagtt ctcttcttgt attcaataat tacttctigg cagatttcag tagttgcagt 4320
tgatttactt ggttgctggt tacttttaat tgattcactt taacttgcac tttactgcag 4380
attgtttagc ttgttcagct gegcttgttt atttgcttag ctttcgctta gcgacgtgtt 4440
cactttgctt gtttgaattg aattgtcgct ccgtagacga agcgcctcta tttatactcc 4500
ggcgctcttt tcgcgaacat tcgaggegeg ctetctcgaa ccaacgagag cagtatgeeg 4560
tttactgtgt gacagagtga gagagcatta gtgcagagag ggagagaccc aaaaagaaaa 4620
gagagaataa cgaataacgg ccagagaaat ttctcgaggg ggggccctgt gcacgatgtt 4680
ttgttttgac ggacccctta ctctcgtctc atataaaccg aagccagcta agatggtata 4740
Cttattatca tcttgtgatg aggatgcttc tatcaacgaa agtaccggta aaccgcaaat 4800
ggttatgtat tataatcaaa ctaaaggcgg agtggacacg ctagaccaaa tgtgttctgt 4860
gatgacctgc agtaggaaga cgaataggtg gcctatggcea ttattgtacg gaatgataaa 4920
cattgcctgc ataaattctt ttattatata cagccataat gtcagtagca agggagaaaa 4980
ggttcaaagt cgcaaaaaat ttatgagaaa cctttacatg agcctgacgt catcgtttat 5040
gcgtaaccgt ttagaagctc ctactttgaa gagatatttg cgcgataata tctctaatat 5100
tttgccaaat gaagtgcctg gtacatcaga tgacagtact gaagagccag taatgaaaaa 5160
acgtacttac tgtacttact gcccctctaa aataaggcga aaggcaaatg catcgtgcaa 5220
aaaatgcaaa aaagttattt gtcgagagca taatattgat atgtgccaaa gttgtttctg 5280
gactgactaa taagtataat ttgtttctat tatgtataag ttaagctaat tacttatttt 5340
ataatacaac atgactgttt ttaaagtaca aaataagttt atttttgtaa aagagagaat 5400
gtttaaaagt tttgttactt tagaagaaat tttgagtttt tgtttttttt taataaataa 5460
ataaacataa ataaattgtt tgttgaattt attattagta tgtaagtgta aatataataa 5520
aacttaatat ctattcaaat taataaataa acctcgatat acagaccgat aaaaacacat 5580
gcgtcaattt tacgcatgat tatctttaac gtacgtcaca atatgattat cttictaggg 5640
ttaaataata gtttctaatt tttttattat tcagcctgct gtcgtgaata ccgtatatct 5700
caacgctgtc tgtgagattg tcgtattcta gectttttag tttttcgcetc atcgacttga 5760
tattgtccga cacattttcg tcgatttgeg ttttgatcaa agacttgagc agagacacgt 5820
taatcaactg ttcaaattga tccatattaa cgatatcaac ccgatgcgta tatggtgcgt 5880
aaaatatatt ttttaaccct cttatacttt gcactctgcg ttaatacgceg ttcgtgtaca 5940
gacgtaatca tgttttcttt tttggataaa actcctactg agtttgacct catattagac 6000
cctcacaagt tgcaaaacgt ggcatttttt accaatgaag aatttaaagt tattttaaaa 6060



aatttcatca cagatttaaa gaagaaccaa aaattaaatt atttaatcga ccagttaatc 6120
aacgtgttac acagacgcaa aaaacacgca gcccgacgtg ttggctaaaa ttattaaatc 6180
aacttgtgtt atagtcacga tttgccgtcc aacgtgttcc tcaaaaagtt gaagaccaac 6240
aagtttacgg acactagtta attatttgat tttgccccac ttcattttgt gggatcacaa 6300
ttttgttata ttttaaacaa agcttggcac tggccgtcgt tttacaacgt cgtgactggg 6360
aaaaccctgg cgttacccaa cttaatcgec ttgcagcaca tceccctttc gecagetgge 6420
gtaatagcga agaggcccgce accgatcgece cttcccaaca gttgcgeagce ctgaatggeg 6480
aatggcgcct gatgcggtat tttetectta cgcatctgtg cggtatttca caccgcatat 6540
ggtgcactct cagtacaatc tgctctgatg ccgcatagtt aagccagecc cgacaccege 6600
caacacccgc tgacgcgcecc tgacgggctt gtctgctece ggcatcecgct tacagacaag 6660
ctgtgaccgt ctccgggagc tgcatgtgtc agaggttttc accgtcatca ccgaaacgcg 6720
cga 6723
<200> SEQUENCE CHARACTERISTICS:
<210> SEQ ID NO 15
<211> LENGTH: 6448
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequencepcrll
clone

of piggyBac sequence
<400> SEQUENCE: 15
agcgcccaat acgcaaaccyg cctetcecceg cgegttggec gattcattaa tgcagetgge 60
acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttagc 120
tcactcatta ggcaccccag gctttacact ttatgcttce ggctcgtatg ttgtgtggaa 180
ttgtgagcga ataacaattt cacacaggaa acagctatga ccatgattac gccaagctat 240
ttaggtgaca ctatagaata ctcaagctat gcatcaagct tggtaccgag ctcggatcca 300
ctagtaacgg ccgccagtgt getggaattc ggcttggatc ctctagacce tagaaagata 360
gtctgcgtaa aattgacgca tgcattcttg aaatattgct ctctctttct aaatagcgeg 420
aatccgtcgc tgtttgcaat ttaggacatc tcagtcgecg cttggagcetc ggctgaggeg 480
tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata acgaccgegt gagtcaaaat 540
gacgcatgat tatcttttac gtgactttta agatttaact catacgataa ttaatattgt 600
tatttcatgt tctacttacg tgataactta ttatatatat attttcttgt tatagatatc 660
gtgactaata tataataaaa tgggatgttc tttagacgat gagcatatcc tctctgctct 720
tctgcaaggc gatgacgagc ttgttggtga ggattctgac agtgaaatat cagatcacgt 780
aagtgaagac gtccagagcg atacagaaga agcgtttata gatgaggtac atgaagtgtc 840
agccaacgtc aagcgtagtg aaatattaga cgaacaaaat gttattgaac aaccaggttc 900
ttcattggct tctaacagaa tcttgacctt gccacagagg actattagag gtaagaataa 960
acattgttgg tcaacttcaa agtccacgag cggtagccga gtctctgcac tgaacattgt 1020
cagatctcaa agaggtccga cgcgtatgtg ccgcaatata tatgacccac ttttatgett 1080
caaactattt tttactgatg agataatttc gcaaattgta aaatggacgg atgctgagat 1140
atcattgaaa cgtcgggaat ctatgacagg tgctacattt cgtgacacga atgaagatga 1200
aatctatgct ttctttggta ttctggtaat gacagcagty agaaaagata accacatgtc 1260
cacagatgac ctctttggat cgatctttgt caatgtgtac gtctctgtaa tgagtctgtg 1320
gatcgttttg gattttttga tacgatgtct tagaatggat gacaaaagta tacggcccac 1380
acttcgagaa aacgatgtat ttactcctgt tagaaaaata tgggatctct ttatccatca 1440
gtgcatacaa aattacactc caggggctca tttgaccata gatgaacagt tacttggttt 1500
tagaggacgg tgtccgttta ggatgtatat cccaaacaag ccaagtaagt atggaataaa 1560
aatcctcatg atgtgtgaca gtggtacgaa gtatatgata aatggaatgc cttatttggg 1620
aagaggaaca cagaccaacg gagtaccact cggtgaatac tacgtgaagg agttatcaaa 1680
gcctgtgcac ggtagttgtc gtaatattac gtgtgacaat tggttcacct caatcecttt 1740
ggcaaaaaac ttactacaag aaccgtataa gttaaccatt gtgggaaccg tgcgatcaaa 1800
caaacgcgag ataccggaag tactgaaaaa cagtcgctce aggccagtgg gaacatcgat 1860
gttttgtttt gacggacccc ttactctcgt ctcatataaa ccgaagccag ctaagatggt 1920
atacttatta tcatcttgtg atgaggatgc ttctatcaac gaaagtaccg gtaaaccgca 1980
aatggttatg tattataatc aaactaaagg cggagtggac acgctagacc aaatgtgttc 2040



tgtgatgacc tgcagtagga agacgaatag gtggcctatg gcattattgt acggaatgat 2100
aaacattgcc tgcataaatt cttttattat atacagccat aatgtcagta gcaagggaga 2160
aaaggttcaa agtcgcaaaa aatttatgag aaacctttac atgagcctga cgtcatcgtt 2220
tatgcgtaac cgtttagaag ctcctacttt gaagagatat ttgcgcgata atatctctaa 2280
tattttgcca aatgaagtgc gtggtacatg agatgacagt actgaagagc cagtaatgaa 2340
aaaacgtact tactgtactt actgcccctc taaaataagg cgaaaggcaa atgcatcgtg 2400
caaaaaatgc aaaaaagtta tttgtcgaga gcataatatt gatatgtgcc aaagttgttt 2460
ctggactgac taataagtat aatttgtttc tattatgtat aagttaagct aattacttat 2520
tttataatac aacatgactg tttttaaagt acaaaataag tttatttttg taaaagagag 2580
aatgtttaaa agttttgtta ctttagaaga aattttgagt ttttgttttt ttttaataaa 2640
taaataaaca taaataaatt gtttgttgaa tttattatta gtatgtaagt gtaaatataa 2700
taaaacttaa tatctattca aattaataaa taaacctcga tatacagacc gataaaaaca 2760
catgcgtcaa ttttacgcat gattatcttt aacgtacgtc acaatatgat tatctttcta 2820
gggggatcct ctagaaagcc gaattctgca gatatccatc acactggegg ccgetcgage 2880
atgcatctag agggcccaat tcgecctata gtgagtcgta ttacaattca ctggecgtcg 2940
ttttacaacg tcgtgactgg gaaaaccctg gegttaccca acttaatcgce cttgcagcac 3000
atcccccttt cgccagcetgg cgtaatageg aagaggceccg caccgatcge ccttcccaac 3060
agttgcgeag cctgaatggc gaatgggacg cgecctgtag cggegeatta agegeggegg 3120
gtgtggtggt tacgcgceagc gtgaccgcta cacttgccag cgecctageg cecgetectt 3180
tcgctttctt cecttecttt ctcgecacgt tcgeeggctt teceegtcaa getctaaatc 3240
gggggctccc tttagggttc cgatttagag ctttacggca cctcgaccge aaaaaactty 3300
atttgggtga tggttcacgt agtgggccat cgecctgata gacggttttt cgecctttga 3360
cgttggagtc cacgttcttt aatagtggac tcttgttcca aactggaaca acactcaacc 3420
ctatcgcggt ctattctttt gatttataag ggattttgcc gatttcggcec tattggttaa 3480
aaaatgagct gatttaacaa attcagggcg caagggctgc taaaggaacc ggaacacgta 3540
gaaagccagt ccgcagaaac ggtgctgacc ccggatgaat gtcagctact gggctatctg 3600
gacaagggaa aacgcaagcg caaagagaaa gcaggtagct tgcagtgggc ttacatggcg 3660
atagctagac tgggcggttt tatggacagc aagcgaaccg gaattgccag ctggggegec 3720
ctctggtaag gttgggaagc cctgcaaagt aaactggatg gcetttcttge cgeccaaggat 3780
ctgatggcgce aggggatcaa gatctgatca agagacagga tgaggatcgt ttcgcatgat 3840
tgaacaagat ggattgcacg caggttctcc ggccgcttgg gtggagaggc tattcggeta 3900
tgactgggca caacagacaa tcggctgetc tgatgccgece gtgttccggce tgtcagegeca 3960
ggggcgceccyg gttctttttg tcaagaccga cctgtccggt gecctgaatg aactgcagga 4020
cgaggcagcg cggctategt ggctggecac gacgggcegtt ccttgegeag ctgtgectcga 4080
cgttgtcact gaagcgggaa gggactggct gcetattgggce gaagtgccgg ggcaggatct 4140
cctgtcatct cgecettgete ctgccgagaa agtatccate atggcetgatg caatgcggeg 4200
gctgcatacg cttgatccgg ctacctgecc attcgaccac caagcgaaac atcgcatcga 4260
gcgagcacgt actcggatgg aagccggtct tgtcgatcag gatgatctgg acgaagageca 4320
tcaggggctc gecgecageeg aactgttcge caggetcaag gegegceatge ccgacggega 4380
ggatctcgtc gtgatccatg gcgatgectg cttgccgaat atcatggtgg aaaatggecg 4440
cttttctgga ttcaacgact gtggcecggct gggtgtggeg gaccgcetete aggacatage 4500
gttggatacc cgtgatattg ctgaagagct tggcggcegaa tgggctgacc gcettectegt 4560
gctttacggt atcgecgcete ccgattcgea gegeatcgec ttetatcgece ttcttgacga 4620
gttcttctga attgaaaaag gaagagtatg agtattcaac atttccgtgt cgcccttatt 4680
cccttttttg cggcattttg ccttectgtt tttgctcacc cagaaacgct ggtgaaagta 4740
aaagatgctg aagatcagtt gggtgcacga gtgggttaca tcgaactgga tctcaacagc 4800
ggtaagatcc ttgagagttt tcgccccgaa gaacgttttc caatgatgag cacttttaaa 4860
gttctgctat gtgatacact attatccegt attgacgeccg ggcaagagca actcggtege 4920
cgcatacact attctcagaa tgacttggtt gagtactcac cagtcacaga aaagcatctt 4980
acggatggca tgacagtaag agaattatgc agtgctgcca taaccatgag tgataacact 5040
gcggccaact tacttctgac aacgatcgga ggaccgaagg agctaaccgc ttttttgcac 5100
aacatggggg atcatgtaac tcgccttgat cgttgggaac cggagctgaa tgaagccata 5160
ccaaacgacg agagtgacac cacgatgcct gtagcaatgc caacaacgtt gcgcaaacta 5220
ttaactggcg aactacttac tctagcttcc cggcaacaat taatagactg aatggaggeg 5280
gataaagttg caggaccact tctgcgcteg gecctteegg ctggetggtt tattgctgat 5340
aaatctggag ccggtgagceg tgggtctcge ggtatcattg cagcactggg gecagatggt 5400



aagcgctccc gtatcgtagt tatctacacg acggggagtc aggcaactat ggatgaacga 5460
aatagacaga tcgctgagat aggtgcectca ctgattaagc attggtaact gtcagaccaa 5520
gtttactcat atatacttta gattgattta aaacttcatt tttaatttaa aaggatctag 5580
gtgaagatcc tttttgataa tctcatgacc aaaatccctt aacgtgagtt ttcgttccac 5640
tgagcgtcag accccgtaga aaagatcaaa ggatcttctt gagatccttt ttttctgecge 5700
gtaatctgct gcettgcaaac aaaaaaacca ccgctaccag cggtggtttg tttgeccggat 5760
caagagctac caactctttt tccgaaggta actggcttca gcagagcgca gataccaaat 5820
actgtccttc tagtgtagcc gtagttaggc caccacttca agaactctgt agcaccgect 5880
acatacctcg ctctgctaat cctgttacca gtggcetgetg ccagtggega taagtcgtgt 5940
cttaccgggt tggactcaag acgatagtta ccggataagg cgcageggtc gggctgaacg 6000
gggggttcgt gcacacagec cagcttggag cgaacgacct acaccgaact gagataccta 6060
cagcgtgagc tatgagaaag cgccacgctt cccgaaggga gaaaggcgga caggtatccg 6120
gtaagcggca gggtcggaac aggagagege acgagggagc ttccaggggg aaacgectgg 6180
tatctttata gtcctgtcgg gtttcgecac ctetgacttg agegtegatt tttgtgatge 6240
tcgtcagggg ggcggagcect atggaaaaac geccagceaacg cggcecttttt acggttecetg 6300
ggcttttgct ggccttttgce tcacatgtte tttcctgegt tatccectga ttctgtggat 6360
aaccgtatta ccgcctttga gtgagctgat accgetcgec gecagecgaac gaccgagege 6420
agcgagtcag tgagcgagga agcggaag 6448

<200> SEQUENCE CHARACTERISTICS:

<210> SEQ ID NO 16

<211> LENGTH: 5194

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequenceplasmid
IFP2B/Xpucl8.1
<400> SEQUENCE: 16
tcgegcegttt cggtgatgac ggtgaaaacc tctgacacat geagcetceeg gagacggtca 60
cagcttgtct gtaagcggat gccgggagea gacaageccg tcagggegeg tcagegggty 120
ttggcggatg tcggggcetgg cttaactatg cggcatcaga geagattgta ctgagagtge 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgec 240
attcgccatt caggctgege aactgttggg aagggcegatce ggtgegggcc tettcgetat 300
tacgccagct ggcgaaaggg ggatgtgctg caaggcegatt aagttgggta acgccagggt 360
tttcccagtc acgacgttgt aaaacgacgg ccagtgccaa gettgcatgce ctgcaggtcg 420
actctagagg gatcctctag attaacccta gaaagatagt ctgcgtaaaa ttgacgcatg 480
cattcttgaa atattgctct ctctttctaa atagcgcgaa tccgtegcetg tttgcaattt 540
aggacatctc agtcgcegct tggagetcgg ctgaggegtg cttgtcaatg cggtaagtgt 600
cactgatttt gaactataac gaccgcgtga gtcaaaatga cgcatgatta tcttttacgt 660
gacttttaag atttaactca tacgataatt aatattgtta tttcatgttc tacttacgtg 720
ataacttatt atatatatat tttcttgtta tagatatcgt gactaatata taataaaatg 780
ggatgttctt tagacgatga gcatatcctc tctgctcttc tgcaaggcga tgacgagett 840
gttggtgagg attctgacag tgaaatatca gatcacgtaa gtgaagacgt ccagagcgat 900
acagaagaag cgtttataga tgaggtacat gaagtgtcag ccaacgtcaa gcgtagtgaa 960
atattagacg aacaaaatgt tattgaacaa ccaggttctt cattggcttc taacagaatc 1020
ttgaccttgc cacagaggac tattagaggt aagaataaac attgttggtc aacttcaaag 1080
tccacgagcec gtagccgagt ctctgeactg aacattgtca gatctcaaag aggtccgacg 1140
cgtatgtgcc gcaatatata tgacccactt ttatgcttca aactattttt tactgatgag 1200
ataatttcgc aaattgtaaa atggacaaat gctgagatat cattgaaacg tcgggaatct 1260
atgacaggtg ctacatttcg tgacacgaat gaagatgaaa tctatgcttt ctttggtatt 1320
ctggtaatga cagcagtgag aaaagataac cacatgtcca cagatgacct ctttggatcg 1380
atctttgtca atgtgtacgt ctctgtaatg agtctgtgga tcgttttgga ttttttgata 1440
cgatgtctta gaatggatga caaaagtata cggcccacac ttcgagaaaa cgatgtattt 1500
actcctgtta gaaaaatatg ggatctcttt atccatcagt gcatacaaaa ttacactcca 1560



ggggctcatt tgaccataga tgaacagtta cttggtttta gaggacggtg tccgtttagg 1620
atgtatatcc caaacaagcc aagtaagtat ggaataaaaa tcctcatgat gtgtgacagt 1680
ggtacgaagt atatgataaa tggaatgcct tatttgggaa gaggaacaca gaccaacgga 1740
gtaccactcg gtgaatacta cgtgaaggag ttatcaaagc ctgtgcacgg tagttgtcgt 1800
aatattacgt gtgacaattg gttcacctca atccctttgg caaaaaactt actacaagaa 1860
ccgtataagt taaccattgt gggaaccgtg cgatcaaaca aacgcgagat accggaagta 1920
ctgaaaaaca gtcgctccag gecagtggga acatcgatgt tttgttttga cggaccectt 1980
actctcgtct catataaacc gaagccagct aagatggtat acttattatc atcttgtgat 2040
gaggatgctt ctatcaacga aagtaccggt aaaccgcaaa tggttatgta ttataatcaa 2100
actaaaggcg gagtggacac gctagaccaa atgtgttctg tgatgacctg cagtaggaag 2160
acgaataggt ggcctatggc attattgtac ggaatgataa acattgcctg cataaattct 2220
tttattatat acagccataa tgtcagtagc aagggagaaa aggttcaaag tcgcaaaaaa 2280
tttatgagaa acctttacat gagcctgacg tcatcgttta tgcgtaaccg tttagaagct 2340
cctactttga agagatattt gcgcgataat atctctaata ttttgccaaa tgaagtgect 2400
ggtacatcag atgacagtac tgaagagcca gtaatgaaaa aacgtactta ctgtacttac 2460
tgcccctcta aaataaggcg aaaggcaaat gcatcgtgca aaaaatgcaa aaaagttatt 2520
tgtcgagagc ataatattga tatgtgccaa agttgtttct ggactgacta ataagtataa 2580
tttgtttcta ttatgtataa gttaagctaa ttacttattt tataatacaa catgactgtt 2640
tttaaagtac aaaataagtt tatttttgta aaagagagaa tgtttaaaag ttttgttact 2700
ttagaagaaa ttttgagttt ttgttttttt ttaataaata aataaacata aataaattgt 2760
ttgttgaatt tattattagt atgtaagtgt aaatataata aaacttaata tctattcaaa 2820
ttaataaata aacctcgata tacagaccga taaaaacaca tgcgtcaatt ttacgcatga 2880
ttatctttaa cgtacgtcac aatatgatta tctttctagg gttaatctag aggatccgat 2940
cccegggtac cgagcetcgaa ttcgtaatca tggtcatagc tgtttcctgt gtgaaattgt 3000
tatccgctca caattccaca caacatacga gccggaagca taaagtgtaa agectggggt 3060
gcctaatgag tgagctaact cacattaatt gegttgegct cactgeccgc tttccagtcg 3120
ggaaacctgt cgtgccagct gcattaatga atcggccaac gcgeggggag aggeggtttg 3180
cgtattgggc gcetcttcegc tteetegetce actgactcgce tgegeteggt cgttcggetg 3240
cggcgagcegg tatcagctca ctcaaaggceg gtaattcggt tatccacaga atcaggggat 3300
aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc 3360
gcgttgetgg cgtttttcca taggetcegce ceecectgacg agcatcacaa aaatcgacge 3420
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcegtt tcccectgga 3480
agctccctcg tgcgctctece tgttccgacc ctgecgctta ccggatacct gtcegecttt 3540
ctceettcgg gaagegtggce gctttctcaa tgctcacgcet gtaggtatct cagttcggtg 3600
taggtcgttc gctccaagct gggetgtgtg cacgaacccc ccgttcagec cgaccgetge 3660
gccttatceg gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgecactg 3720
gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtge tacagagttc 3780
ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat ctgcgetctg 3840
ctgaagccag ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc 3900
gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct 3960
caagaagatc ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt 4020
taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct tttaaattaa 4080
aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga cagttaccaa 4140
tgcttaatca gtgaggcacc tatctcageg atctgtctat ttcgttcatc catagttgecc 4200
tgactccecg tcgtgtagat aactacgata cgggagggct taccatctgg ccccagtget 4260
gcaatgatac cgcgagaccc acgctcaccg getccagatt tatcagcaat aaaccagcca 4320
gccggaaggg ccgagegeag aagtggtect geaactttat ccgectecat ccagtctatt 4380
aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtttgcg caacgttgtt 4440
gccattgcta caggcatcgt ggtgtcacgce tcgtegtttg gtatggctte attcagctcc 4500
ggttcccaac gatcaaggcg agttacatga tcccecatgt tgtgcaaaaa ageggttage 4560
tccttcggte ctccgategt tgtcagaagt aagttggecg cagtgttate actcatggtt 4620
atggcagcac tgcataattc tcttactgtc atgccatccg taagatgctt ttctgtgact 4680
ggtgagtact caaccaagtc attctgagaa tagtgtatgc ggcgaccgag ttgctcttgc 4740
ccggcegtcaa tacgggataa taccgegeca catagcagaa ctttaaaagt getcatcatt 4800
ggaaaacgtt cttcggggcg aaaactctca aggatcttac cgctgttgag atccagttcg 4860
atgtaaccca ctcgtgcacc caactgatct tcagcatctt ttactttcac cagegtttct 4920



gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa 4980
tattgattac tcatactctt cctttttcaa tattattgaa gcatttatca gggttattgt 5040
ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcge 5100
acatttcccc gaaaagtgcc acctgacgtc taagaaacca ttattatcat gacattaacc 5160
tataaaaata ggcgtatcac gaggcccttt cgtc 5194
<200> SEQUENCE CHARACTERISTICS:
<210> SEQ ID NO 17
<211> LENGTH: 5194
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequenceplasmid
IFP2B/XsupF4H
<400> SEQUENCE: 17
gacgaaaggg cctcgtgata cgcctatttt tataggttaa tgtcatgata ataatggttt 60
cttagacgtc aggtggcact tttcggggaa atgtgcgcgg aacccctatt tgtttatttt 120
tctaaataca ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat 180
aatattgaaa aaggaagagt atgagtattc aacatttccg tgtcgecctt attcectttt 240
ttgcggcatt ttgecttect gtttttgete acccagaaac getggtgaaa gtaaaagatg 300
ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga 360
tccttgagag ttttcgecce gaagaacgtt ttccaatgat gagcactttt aaagttctge 420
tatgtggcgc ggtattatce cgtattgacg ccgggcaaga gcaactcggt cgecgeatac 480
actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggaty 540
gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca 600
acttacttct gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg 660
gggatcatgt aactcgcctt gatcgttggg aaccggagct gaatgaagec ataccaaacg 720
acgagcgtga caccacgatg cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg 780
gcgaactact tactctagct tcccggceaac aattaataga ctggatggag gcggataaag 840
ttgcaggacc acttctgege tcggecctte cggetggcetg gtttattget gataaatctg 900
gagccggtga gegtgggtct cgeggtatca ttgcageact ggggecagat ggtaageect 960
cccgtategt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 1020
agatcgctga gataggtgcec tcactgatta agcattggta actgtcagac caagtttact 1080
catatatact ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga 1140
tcctttttga taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagegt 1200
cagaccccgt agaaaagatc aaaggatctt cttgagatcec tttttttctg cgcgtaatct 1260
gctgcttgca aacaaaaaaa ccaccgctac cageggtgtt ttgtttgecg gatcaagage 1320
taccaactct ttttccgaag gtaactggct tcagcagagc gcagatacca aatactgtcc 1380
ttctagtgta gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc 1440
tcgetetgcet aatcctgtta ccagtggcetg ctgccagtgg cgataagteg tgtcttaccg 1500
ggttggactc aagacgatag ttaccggata aggcgcageg gtcgggctga acggggggtt 1560
cgtgcacaca gcccagcttg gagcgaacga cctacaccga actgagatac ctacagegtg 1620
agcattgaga aagcgccacg cttcccgaag ggagaaaggc ggacaggtat ccggtaageg 1680
gcagggtcgg aacaggagag cgcacgaggg agcttccagg gggaaacgcec tggtatettt 1740
atagtcctgt cgggtttcgce cacctctgac ttgagcgtcg atttttgtga tgctcgtcag 1800
gggggcggag cctatggaaa aacgccagea acgceggcctt tttacggtte ctggcectttt 1860
gctggccttt tgctcacatg ttctttcetg cgttatcecc tgattctgtg gataaccgta 1920
ttaccgcctt tgagtgagct gataccgctc gecgeagecg aacgaccgag cgcagegagt 1980
cagtgagcga ggaagcggaa gagcgcccaa tacgcaaacc gectctceee gegegttgge 2040
cgattcatta atgcagctgg cacgacaggt ttcccgactg gaaagcgggce agtgagegea 2100
acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac tttatgcttc 2160
cggctcgtat gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg 2220
accatgatta cgaattcgag ctcggtaccc ggggatcgga tcctctagat taaccctaga 2280
aagatagtct gcgtaaaatt gacgcatgca ttcttgaaat attgctctct ctttctaaat 2340
agcgcgaatc cgtcgctgtt tgcaatttag gacatctcag tcgecgcettg gagetcgget 2400
gaggcgtgct tgtcaatgcg gtaagtgtca ctgattttga actataacga ccgegtgagt 2460
caaaatgacg catgattatc ttttacgtga cttttaagat ttaactcata cgataattaa 2520



tattgttatt tcatgttcta cttacgtgat aacttattat atatatattt tcttgttata 2580
gatatcgtga ctaatatata ataaaatggg atgttcttta gacgatgagc atatcctctc 2640
tgctcttctg caaggcgatg acgagcettgt tggtgaggat tctgacagtg aaatatcaga 2700
tcacgtaagt gaagacgtcc agagcgatac agaagaagcg tttatagatg aggtacatga 2760
agtgtcagcc aacgtcaagc gtagtgaaat attagacgaa caaaatgtta ttgaacaacc 2820
aggttcttca ttggcttcta acagaatctt gaccttgcca cagaggacta ttagaggtaa 2880
gaataaacat tgttggtcaa cttcaaagtc cacgagcggt agccgagtct ctgcactgaa 2940
cattgtcaga tctcaaagag gtccgacgceg tatgtgccge aatatatatg acccactttt 3000
atgcttcaaa ctatttttta ctgatgagat aatttcgcaa attgtaaaat ggacaaatgc 3060
tgagatatca ttgaaacgtc gggaatctat gacaggtgct acatttcgtg acacgaatga 3120
agatgaaatc tatgctttct ttggtattct ggtaatgaca gcagtgagaa aagataacca 3180
catgtccaca gatgacctct ttggatcgat ctttgtcaat gtgtacgtct ctgtaatgag 3240
tctgtggatc gttttggatt ttttgatacg atgtcttaga atggatgaca aaagtatacg 3300
gcccacactt cgagaaaacg atgtatttac tcctgttaga aaaatatggg atctctttat 3360
ccatcagtgc atacaaaatt acactccagg ggctcatttg accatagatg aacagttact 3420
tggttttaga ggacggtgtc cgtttaggat gtatatccca aacaagccaa gtaagtatgg 3480
aataaaaatc ctcatgatgt gtgacagtgg tacgaagtat atgataaatg gaatgcctta 3540
tttgggaaga ggaacacaga ccaacggagt accactcggt gaatactacg tgaaggagtt 3600
atcaaagcct gtgcacggta gttgtcgtaa tattacgtgt gacaattggt tcacctcaat 3660
ccctttggca aaaaacttac tacaagaacc gtataagtta accattgtgg gaaccgtgeg 3720
atcaaacaaa cgcgagatac cggaagtact gaaaaacagt cgctccaggce cagtgggaac 3780
atcgatgttt tgttttgacg gaccccttac tctcgtctca tataaaccga agccagctaa 3840
gatggtatac ttattatcat cttgtgatga ggatgcttct atcaacgaaa gtaccggtaa 3900
accgcaaatg gttatgtatt ataatcaaac taaaggcgga gtggacacgc tagaccaaat 3960
gtgttctgtg atgacctgca gtaggaagac gaataggtgg cctatggcat tattgtacgg 4020
aatgataaac attgcctgca taaattcttt tattatatac agccataatg tcagtagcaa 4080
gggagaaaag gttcaaagtc gcaaaaaatt tatgagaaac ctttacatga gcctgacgtc 4140
atcgtttatg cgtaaccgtt tagaagctcc tactttgaag agatatttgc gcgataatat 4200
ctctaatatt ttgccaaatg aagtgcctgg tacatcagat gacagtactg aagagccagt 4260
aatgaaaaaa cgtacttact gtacttactg cccctctaaa ataaggcgaa aggcaaatgc 4320
atcgtgcaaa aaatgcaaaa aagttatttg tcgagagcat aatattgata tgtgccaaag 4380
ttgtttctgg actgactaat aagtataatt tgtttctatt atgtataagt taagctaatt 4440
acttatttta taatacaaca tgactgtttt taaagtacaa aataagttta tttttgtaaa 4500
agagagaatg tttaaaagtt ttgttacttt agaagaaatt ttgagttttt gttttttttt 4560
aataaataaa taaacataaa taaattgttt gttgaattta ttattagtat gtaagtgtaa 4620
atataataaa acttaatatc tattcaaatt aataaataaa cctcgatata cagaccgata 4680
aaaacacatg cgtcaatttt acgcatgatt atctttaacg tacgtcacaa tatgattatc 4740
tttctagggt taatctagag gatccctcta gagtcgacct gcaggcatgce aagcttggca 4800
ctggecegtcg ttttacaacg tcgtgactgg gaaaaccctg gegttaccea acttaatcge 4860
cttgcagcac atcccccttt cgecagctgg cgtaatagcg aagaggceccg caccgatcge 4920
ccttceccaac agttgegcag cctgaatgge gaatggegcec tgatgceggta ttttcteett 4980
acgcatctgt gcggtatttc acaccgcata tggtgcactc tcagtacaat ctgctctgat 5040
gccgcatagt taagccagec ccgacacccg ccaacacceg ctgacgegcec ctgacggget 5100
tgtctgctcce cggeatcege ttacagacaa getgtgaccy tctccgggag ctgeatgtgt 5160
cagaggtttt caccgtcatc accgaaacgc gcga 5194
<200> SEQUENCE CHARACTERISTICS:
<210> SEQ ID NO 18
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequencehsp/opd
new-for
<400> SEQUENCE: 18
gaagatctat ttctctggcce gttattcgtt at 32
<200> SEQUENCE CHARACTERISTICS:



<210> SEQ ID NO 19

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequencehsp/opd
nwe-rev

<400> SEQUENCE: 19

gaagatctga tcccgggaac atatagattt at 32

<200> SEQUENCE CHARACTERISTICS:

<210> SEQ ID NO 20

<211> LENGTH: 7560

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial

Sequencep3E1.2hs/opd

<400> SEQUENCE: 20

ttaaccctag aaagatagtc tgcgtaaaat tgacgcatgc attcttgaaa tattgctctc 60

tctttctaaa tagcgcgaat ccgtegctgt ttgcaattta ggacatctca gtcgeegett 120

ggagctcggc tgaggcegtgc ttgtcaatge ggtaagtgtc actgattttg aactataacg 180

accgcgtgag tcaaaatgac gcatgattat cttttacgtg acttttaaga tttaactcat 240

acgataatta atattgttat ttcatgttct acttacgtga taacttatta tatatatatt 300

ttcttgttat agatatcgtg actaatatat aataaaatgg gatgttcttt agacgatgag 360

catatcctct ctgctcttct gcaaggcgat gacgagcttg ttggtgagga ttctgacagt 420

gaaatatcag atcacgtaag tgaagacgtc cagagcgata cagaagaagc gtttatagat 480

gaggtacatg aagtgtcagc caacgtcaag cgtagtgaaa tattagacga acaaaatgtt 540

attgaacaac caggttcttc attggcttct aacagaatct tgaccttgcc acagaggact 600

attagaggta agaataaaca ttgttggtca acttcaaagt ccacgagcgg tagccgagtc 660

tctgcactga acattgtcag atctgcgtct cgagaaattt ctctggeegt tattegttat 720

tctetcetttt ctttttgggt cteteectet ctgeactaat getctctcac tetgtctcac 780

agtaaacggc atactgctct cgttggttcg agagagcgceg cctcgaatgt tcgcgaaaag 840

agcgccggag tataaataga ggcgcttcgt ctacggageg acaattcaat tcaaacaagc 900

aaagtgaaca cgtcgctaag cgaaagctaa gcaaataaac aagcgcagct gaacaagcta 960

aacaatctgc agtaaagtgc aagttaaagt gaatcaatta aaagtaacca gcaaccaagt 1020

aaatcaactg caactactga aatctgccaa gaagtaatta ttgaatacaa gaagagaact 1080

ctgaataggg aattgggaat taggtaccga attacacaga atgaattccg gcgatcggat 1140

caataccgtg cgcggtccta tcacaatctc tgaagcgggt ttcacactga ctcacgagca 1200

catctgcggc agctcggceag gattcttgeg tgettggeca gagttettcg gtagccgcaa 1260

agctctagcg gaaaaggctg tgagaggatt gcgeecgegece agageggetg gegtgcgaac 1320

gattgtcgat gtgtcgactt tcgatatcgg tcgcgacgtg agtttattgg ccgaggtttc 1380

gcgggctgcec gacgttcata tcgtggeggce gaccggcettg tggttcgacce cgecacttte 1440

gatgcgattg aggagtgtag aggaactcac acagttcttc ctgcgtgaga ttcaatatgg 1500

catcgaagac accggaatta gggcgggcat tatcaaggtc gcgaccacag gcaaggcgac 1560

cccctttcag gagttagtgt taaaggcgge cgeecegggcec agettggeca ceggtgttee 1620

ggtaaccact cacacggcag caagtcagcg cgatggtgag cagcaggccg ccatttttga 1680

gtccgaaggc ttgageccct cacgggtttg tattggtcac agcgatgata ctgacgattt 1740

gagctatctc accgcccteg ctgegegegg atacctcatc ggtctagacc acatcccgea 1800

cagtgcgatt ggtctagaag ataatgcgag tgcatcagcc ctcctgggea teegttcgtg 1860

gcaaacacgg gctctcttga tcaaggcgct catcgaccaa ggctacatga aacaaatcct 1920

cgtttcgaat gactggctgt tcgggttttc gagctatgtc accaacatca tggacgtgat 1980

ggatcgcegtg aaccccgacg ggatggcectt cattccactg agagtgatec cattcctacg 2040

agagaagggc gtcccacagg aaacgctgge aggcatcact gtgactaacc cggegeggtt 2100

cttgtcaccg accttgcggg cgtcatgacy ccatctggat ctagaatggt ttatttgtac 2160

acatttactt taaatttaat aaaatttact ttagccgttg tccgataatt cttatattta 2220

atttaaacca cctgcaagct tttaataaat ctatatgttc ccgggtacca cacgcgagat 2280



ctcaaagagg tccgacgcgt atgtgeccgcea atataatatg acccactttt atgcttcaac 2340
tattttttac tgatgagata atttcgcaaa ttgtaaaatg gacaaatgct gagatatcat 2400
tgaaacgtcg ggaatctatg acaggtgcta catttcgtga caccaatgaa gatgaaatct 2460
atgctttctt tggtattctg gtaatgacag cagtgagaaa agataaccac atgtccacag 2520
atgacctctt tggatcgatc tttgtcaatg tgtacgtctc tgtaatgagt ctgtggatcg 2580
ttttggattt tttgatacga tgtcttagaa tggatgacaa aagtatacgg cccacacttc 2640
gagaaaacga tgtatttact cctgttagaa aaatatggga tctctttatc catcagtgca 2700
tacaaaatta cactccaggg gctcatttga ccatagatga acagttactt ggttttagag 2760
gacggtgtcc gtttaggatg tatatcccaa acaagccaag taagtatgga ataaaaatcc 2820
tcatgatgtg tgacagtggt acgaagtata tgataaatgg aatgccttat ttgggaagag 2880
gaacacagac caacggagta ccactcggtg aatactacgt gaaggagtta tcaaagcctg 2940
tgcacggtag ttgtcgtaat attacgtgtg acaattggtt cacctcaatc cctttggcaa 3000
aaaacttact acaagaaccg tataagttaa ccattgtggg aaccgtgcga tcaaacaaac 3060
gcgagatacc ggaagtactg aaaaacagtc gctccaggcc agtgggaaca tcgatgtttt 3120
cttttgacgg accccttact ctcgtctcat ataaaccgaa gccagctaag atggtatact 3180
tattatcatc ttgtgatgag gatgcttcta tcaacgaaag taccggtaaa ccgcaaatgg 3240
ttatgtatta taatcaaact aaaggcggag tggacacgct agaccaaatg tgttctgtga 3300
tgacctgcag taggaagacg aataggtggc ctatggcatt attgtacgga atgataaaca 3360
ttgcctgcat aaattctttt attatataca gccataatgt cagtagcaag ggagaaaagg 3420
ttcaaagtct caaaaaattt atgagaaacc tttacatgag cctgacgtca tcgtttatgc 3480
gtaaccgttt agaagctcct actttgaaga gatatttgcg cgataatatc tctaatattt 3540
tgccaaatga agtgcctggt acatcagatg acagtactga agagccagta atgaaaaaac 3600
gtacttactg tacttactgc ccctctaaaa taaggcgaaa ggcaaatgca tcgtgcaaaa 3660
aatgcaaaaa agttatttgt cgagagcata atattgatat gtgccaaagt tgtttctgga 3720
ctgactaata agtataattt gtttctatta tgtataagtt aagctaatta cttattttat 3780
aatacaacat gactgttttt aaagtacaaa ataagtttat ttttgtaaaa gagagaatgt 3840
ttaaaagttt tgttacttta gaagaaattt tgagtttttg ttttttttta ataaataaat 3900
aaacataaat aaattgtttg ttgaatttat tattagtatg taagtgtaaa tataataaaa 3960
Cttaatatct attcaaatta ataaataaac ctcgatatac agaccgataa aaacacatgc 4020
gtcaatttta cgcatgatta tctttaacgt acgtcacaat atgattatct ttctagggtt 4080
aaataatagt ttctaatttt tttattattc agcctgctgt cgtgaatacc gtatatctca 4140
acgctgtctg tgagattgtc gtattctagc ctttttagtt tttcgctcat cgacttgata 4200
ttgtccgaca cattttcgtc gatttgcgtt ttgatcaaag acttgagcag agacacgtta 4260
atcaactgtt caaattgatc catattaacg atatcaaccc gatgcgtata tggtgcgtaa 4320
aatatatttt ttaaccctct tatactttgc actctgcgtt aatacgcgtt cgtgtacaga 4380
cgtaatcatg ttttcttttt tggataaaac tcctactgag tttgacctca tattagaccc 4440
tcacaagttg caaaacgtgg cattttttac caatgaagaa tttaaagtta ttttaaaaaa 4500
tttcatcaca gatttaaaga agaaccaaaa attaaattat ttaatcgacc agttaatcaa 4560
cgtgtacaca gagcgcaaaa aacacgcagc ccgacgtgtt ggctaaaatt attaaatcaa 4620
cttgtgttat agtcacgatt tgccgtccaa cgtgttcctc aaaaagttga agaccaacaa 4680
gtttacggac actagttaat tatttgattt tgccccactt cattttgtgg gatcacaatt 4740
ttgttatatt ttaaacaaag cttggcactg gccgtcgttt tacaacgtcg tgactgggaa 4800
aaccctggceg ttacccaact taatcgcctt gcagcacatc cecctttcge cagetggegt 4860
aatagcgaag aggcccgceac cgatcgecct tcccaacagt tgcgcagect gaatggcgaa 4920
tggcgcectga tgeggtattt tctccttacg catctgtgeg gtatttcaca ccgcatatgg 4980
tgcactctca gtacaatctg ctctgatgcc geatagttaa gccagecccg acacccgeca 5040
acacccgctg acgcgcecctg acgggcttgt ctgetcecgg catccgcetta cagacaaget 5100
gtgaccgtct ccgggagctg catgtgtcag aggttttcac cgtcatcacc gaaacgcgeg 5160
agacgaaagg gcctcgtgat acgcctattt ttataggtta atgtcatgat aataatggtt 5220
tcttagacgt caggtggcac ttttcgggga aatgtgcgeg gaacccctat ttgtttattt 5280
ttctaaatac attcaaatat gtatccgctc atgagacaat aaccctgata aatgcttcaa 5340
taatattgaa aaaggaagag tatgagtatt caacatttcc gtgtcgecct tattcecttt 5400
tttgcggcat tttgecttec tgtttttget cacccagaaa cgetggtgaa agtaaaagat 5460



gctgaagatc agttgggtgce acgagtgggt tacatcgaac tggatctcaa cagcggtaag 5520
atccttgaga gttttcgccce cgaagaacgt tttccaatga tgagcacttt taaagttctg 5580
ctatgtggcg cggtattatc ccgtattgac gccgggcaag agcaactcgg tcgeecgeata 5640
cactattctc agaatgactt ggttgagtac tcaccagtca cagaaaagca tcttacggat 5700
ggcatgacag taagagaatt atgcagtgct gccataacca tgagtgataa cactgcggec 5760
aacttacttc tgacaacgat cggaggaccg aaggagctaa ccgctttttt gcacaacatg 5820
ggggatcatg taactcgcct tgatcgttgg gaaccggcgc tgaatgaagc cataccaaac 5880
gacgagcgtg acaccacgat gcctgtagca atggcaacaa cgttgcgcaa actattaact 5940
ggcgaactac ttactctagc ttcccggcaa caattaatag actggatgga ggcggataaa 6000
gttgcaggac cacttctgcg ctcggcecctt ccggcetggcet ggtttattge tgataaatct 6060
ggagcceggtg agegtgggte tcgeggtate attgcagcac tggggecaga tggtaagece 6120
tccegtateg tagttatcta cacgacgggg agtcaggcaa ctatggatga acgaaataga 6180
cagatcgctg agataggtgc ctcactgatt aagcattggt aactgtcaga ccaagtttac 6240
tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat ctaggtgaag 6300
atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttcgtt ccactgagcg 6360
tcagaccccg tagaaaagat caaaggatct tcttgagatc ctttttttct gcgegtaatc 6420
tgctgcttgc aaacaaaaaa accaccgcta ccageggtgg tttgtttgee ggatcaagag 6480
ctaccaactc tttttccgaa ggtaactggc ttcagcagag cgcagatacc aaatactgtc 6540
cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc gectacatac 6600
ctcgctetgce taatcctgtt accagtggct getgecagtg gegataagtce gtgtcttacc 6660
gggttggact caagacgata gttaccggat aaggcgcagc ggtcgggcetg aacgggggat 6720
tcgtgcacac agcccagctt ggagcgaacg acctacaccg aactgagata cctacagegt 6780
gagcattgag aaagcgccac gcttcccgaa gggagaaagg cggacaggta tccggtaage 6840
ggcagggtcg gaacaggaga gcgcacgagg gagcttccag ggggaaacgce ctggtatctt 6900
tatagtcctg tcgggtttcg ccacctetga cttgagcegtc gatttttgtg atgctcgtca 6960
ggggggcgga gectatggaa aaacgccagce aacgcggcct ttttacggtt cctggecttt 7020
tgctggcctt ttgctcacat gttctttcct gegttatccc ctgattctgt ggataaccgt 7080
attaccgcct ttgagtgagc tgataccgct cgecgeagec gaacgaccga gecgcagegag 7140
tcagtgagcg aggaagcgga agagcgcecca atacgcaaac cgectceteee cgegegttgg 7200
ccgattcatt aatgcagctg gcacgacagg tttcccgact ggaaageggg cagtgagege 7260
aacgcaatta atgtgagtta gctcactcat taggcacccc aggctttaca ctttatgctt 7320
ccggctcgta tgttgtgtgg aattgtgage ggataacaat ttcacacagg aaacagctat 7380
gaccatgatt acgaattcga gctcggtacc cggggatcct ctagagtcga cgetcgegeg 7440
acttggtttg ccattcttta gcgcgcegtcg cgtcacacag cttggcecaca atgtggtttt 7500
tgtcaaacga agattctatg acgtgtttaa agtttaggtc gagtaaagcg caaatctttt 7560
<200> SEQUENCE CHARACTERISTICS:
<210> SEQ ID NO 21
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial
SequenceBamHI/Xbal-TTAA-Xbal/BamHI nucleotide
sequence
<400> SEQUENCE: 21
cctaggagat ctaattgggc ccaattgagt ctcctagg 38
<200> SEQUENCE CHARACTERISTICS:
<210> SEQ ID NO 22
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial
SequenceBamHI/Xbal-TTAA-Xbal/BamHI nucleotide
sequence
<400> SEQUENCE: 22



ggatcctcta gattaacceg ggttaactca gaggatcce

38



